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Figure 1B
No. R%® R0 Rl R124
37 H H Br Br
38 Br H Br H
39 H Br H Br
40 Br H IT Br
41 H Br Br Br
42 Br H Br Br
3 B Br H Br
44 Br Br Br H
45 Br Br Br Br
46 -CN H H H
47 H -CN H H
48 H H -CN H
49 H H H -CN
50 -CN -CN H H
51 H -CN -CN H
52 H H -CN -CN
53 -CN H -CN H
54 H -CN H -CN
55 -CN H H -CN
56 H -CN -CN -CN
57 -CN H -CN -CN
58 ~-CN -CN H -CN
59 -CN -CN -CN H
60 -CN -CN -CN -CN
61 -Me H H H
62 H -Me H H
63 H H -Mc H
64 H H H -Me
65 -Me -Me H H
66 H -Me -Me H
67 H H -Me -Me
68 -Me H -Me H
69 H -Me H -Me¢
70 -Me H H -Me
71 H -Me -Me -Me
72 -Me H -Me -Me
73 -Me -Me H -Me
74 -Meg -Me -Me H
75 -Me -Me -Me -Me
76 -CH,0H H H 81
77 H -CH,OH H H

78 H H -CH,OH H
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Figure 1C
No. R9a Rl[]a Rlla RlZa
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84 H -CH,OH H -CH,0H
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86 H -CH,OH -CH,OH -CH,OH
87 -CH,OH H -CH,OH -CH,0H
88 -CH,OH -CH,0H H -CH,0OH
89 -CH,0OH -CH,0OH -CH,0OH H
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Figure 11

No. R9a RlOa Rlla Rlza
329 -NH, H H Cl
330 F -NH> H H
331 H -NH, F H
332 H -NH; H F
333 Cl -NH, H H
334 H -NH; Cl H
335 H -NH, H Cl
336 F H -NH, H
337 H F -NH, H
338 H H -NH- F
339 Cl H -NH, H
340 H Cl -NH; H
341 H H -NH,, Cl
342 F H H -NH,
343 H F H -NH;
344 H H F -NH;
345 Cl H H -NH;
346 H Cl H -NH,
347 H H Cl -NH,
348 F -NH; F H
349 H -NH, F F
350 F -NH, F F
351 -O(4-CN-Ph) H H H
352 H ~-O(4-CN-Ph) H H
353 H H -0(4-CN-Ph) H
334 H H H -O(4-CN-Ph)
355 F -0(4-CN-Ph) H H
356 H -O(4-CN-Ph) F H
357 H -O(4-CN-Ph) H F
358 F -O(4-CN-Ph) F H
359 H -O(4-CN-Ph) F F
360 F -0(4-CN-Ph) F F
361 3—(pl}enylthio)— 1H- H H H

indol-1-yl
362 H 3-(pl}enylth10)-lH— o H
indol-1-yl
363 u H 3—(pl?enylthlo)-lH— H
indol-1-yl
364 H H H 3-(pt}enylth10)—1H-
indol-1-yl
365 3-(phenylthio)-1H-
F . H
indol-1-yl

366 H 3-(phenylthio)-1H- F H
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Figure 1J
No. R R10s Rl® R
indol-1-yl
367 H 3—(p1“}enylthio)-1H- o F
indol-1-yl
368 - 3-(phenylthio)-1H- o o
* indol-1-yl * .
369 H 3 —(pl}enylthlo)- 1H- F F
indol-1-yl
370 F 3-(pl}eny1th10)—1H— r E
indol-1-yl
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372 H dibenzylamino H H
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379 H dibenzylamino F F
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383 H H -S(0),(4-Cl1-Ph) H
384 H H H -S(0).(4-Cl-Ph)
385 F -S(0),(4-C!-Ph) H H
386 H -S(0),(4-Cl-Ph) F H
387 H -S(0),(4-Cl-Ph) H F
388 F -8(0),(4-C1-Ph) F H
389 H -S{(0),{(4-C1-Ph) F F
390 F -S(0).(4-Cl-Ph) F F
391 -S(4-pyridyl) H H H
392 H -S(4-pyridyl) H H
393 H H -S(4-pyridyl) H
394 H H H -S(4-pyridyl)
395 F ~-S(4-pyridyl) H H
3%6 H -S(4-pyridyl) F H
397 H -S(4-pyridyl) H F
398 F -S(4-pyridyl) F H
399 H -S(4-pyridy!) F F
400 g -S(4-pyridyl) F F
401 ~-NHCH,Ph H H H
402 H -NHCH,Ph H H
403 H H -NHCH,Ph H

404 H H H -NHCH,P’h
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Figure 1K
No R9a RlOa Rlla R12a
405 F -NHCH,Ph H H
406 H -NHCH,Ph H
407 H -NHCH,Ph H F
408 F -NHCH,Ph F H
409 H ~-NHCH,Ph F F
410 F -NHCH,Ph F F
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FIGURE 2A
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AS ANTI-INFLAMMATORY AGENTS
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cation Ser. No. 12/399,015, filed Mar. 5, 2009, now U.S. Pat.
No. 8,039,450, which claims the benefit of U.S. Provisional
Patent Application No. 61/034,371, filed Mar. 6, 2008, U.S.
Provisional Patent Application No. 61/052,637, filed May 12,
2008, U.S. Provisional Patent Application No. 61/094,406,
filed Sep. 4, 2008, U.S. Provisional Patent Application No.
61/105,990, filed Oct. 16, 2008, U.S. Provisional Patent
Application No. 61/110,903, filed Nov. 3, 2008, U.S. Provi-
sional Patent Application No. 61/143,700, filed Jan. 9, 2009,
and U.S. Provisional Patent Application No. 61/148,731, filed
Jan. 30,2009, each of which is incorporated by reference in its
entirety for all purposes.

BACKGROUND FOR THE INVENTION

Irregular inflammation is a major component of a wide
range of human diseases. People suffering from degenerative
disorders often exhibit excess levels of pro-inflammatory
regulators in their blood. One type of such pro-inflammatory
regulators are cytokines including I1L.-1¢, §, IL-2, IL-3, IL-6,
1L-7, IL-9, 1L-12, IL-17, IL-18, IL-23, TNF-a, LT, LIF,
Oncostatin, and [FNcla, B, y.

A non-limiting list of common medical problems that are
directly caused by inflammatory cytokines include: arthritis
where inflammatory cytokines can lead to lesions in the syn-
ovial membrane and destruction of joint cartilage and bone;
kidney failure where inflammatory cytokines restrict circula-
tion and damage nephrons; lupus where inflammatory cytok-
ines exacerbate immune complex deposition and damage;
asthma where inflammatory cytokines close the airway; pso-
riasis where inflammatory cytokines induce dermatitis; pan-
creatitis where inflammatory cytokines induce pancreatic cell
injury; allergy where inflammatory cytokines induce vasop-
ermeability and congestion; fibrosis where inflammatory
cytokines attack traumatized tissue; surgical complications
where inflammatory cytokines prevent healing; anemia
where inflammatory cytokines attack erythropoietin produc-
tion; and fibromyalgia where inflammatory cytokines are
elevated in fibromyalgia patients.

Other diseases associated with chronic inflammation
include cancer; heart attack where chronic inflammation con-
tributes to coronary atherosclerosis; Alzheimer’s disease
where chronic inflammation destroys brain cells; congestive
heart failure where chronic inflammation causes heart muscle
wasting; stroke where chronic inflammation promotes
thrombo-embolic events; and aortic valve stenosis where
chronic inflammation damages heart valves. Arteriosclerosis,
osteoporosis, Parkinson’s disease, infection, inflammatory
bowel disease including Crohn’s disease and ulcerative coli-
tis as well as multiple sclerosis (a typical autoimmune inflam-
matory-related disease) are also related to inflammation
(Bebo, B. F., Jr., J Neurosci Res, 45: 340-348, (1996); Men-
nicken, F., Trends Pharmacol Sci, 20: 73-78, (1999);
Watanabe, T, Int J Cardiol, 66 Suppl 1: S45-53; discussion
S55, (1998); Sullivan, G. W., J Leukoc Biol, 67: 591-602,
(2000); Franceschi, C, Ann NY Acad Sci, 908: 244-254,
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(2000); Rogers, J, Ann NY Acad Sci, 924: 132-135, (2000);
Li, Y. J., Hum Mol Genet, 12: 3259-3267, (2003); Maccar-
rone, M., Curr Drug largets Inflamm Allergy, 1: 53-63,
(2002); Lindsberg, P. 1., Stroke, 34: 2518-2532, (2003);
DeGraba, T. J., Adv Neurol, 92: 29-42, (2003); Ito, H., Curr
Drug Targets Inflamm Allergy, 2: 125-130, (2003); von der
Thusen, J. H., Pharmacol Rev, 55: 133-166, (2003); Schmidt,
M. 1., Clin Chem Lab Med, 41: 1120-1130, (2003); Virdis, A.,
Curr Opin Nephrol Hypertens, 12: 181-187, (2003); Tracy, R.
P., Int J Clin Pract, Suppl 10-17, (2003); Haugeberg, G., Curr
Opin Rheumatol, 15: 469-475, (2003); Tanaka, Y., J Bone
Miner Metab, 21: 61-66, (2003); Williams, J. D., Clir Exp
Dermatol, 27: 585-590, (2002)). Some diseases in advanced
stages can be life threatening. Several methodologies are
available for the treatment of such inflammatory diseases; the
results, however, are generally unsatisfactory as evidenced by
a lack of efficacy and drug related side effects associated
therewith.
Inflammatory Bowel Disease

Inflammatory bowel disease (IBD) comprises Crohn’s dis-
ease (CD) and ulcerative colitis (UC), both of which are
idiopathic chronic diseases occurring with an increasing fre-
quency in many parts of the world. In the United States, more
than 600,000 are affected every year. IBD can involve either
small bowel, large bowel, or both. CD can involve any part of
the gastrointestinal tract, but most frequently involves the
distal small bowel and colon. It either spares the rectum, or
causes inflammation or infection with drainage around the
rectum. UC usually causes ulcers in the lower part of the large
intestine, often starting at the rectum. Patients with IBD have
defective intestinal epithelial barrier function, which allows
bacterial colonization of the epithelia. As a result, bacterial
products and pro-inflammatory cytokines (TNF-a, IL-1 and
IL-6) cause persistent inflammatory stimulation. Bacterial
antigens are introduced into the immune system by mucosal
dendritic cells and macrophases. In response, intestinal
phagocytes (mainly monocytes and neutrophils) proliferate
and increase expression and secretion of pro-inflammatory
cytokines Symptoms vary but may include diarrhea, fever,
and pain. Patients with prolonged UC are at an increased risk
of'developing colon cancer. There is currently no satisfactory
treatment, as the cause for IBD remains unclear although
infectious and immunologic mechanisms have been pro-
posed. IBD treatments aim at controlling inflammatory
symptoms, conventionally using corticosteroids, aminosali-
cylates and standard immunosuppressive agents such as aza-
thioprine (6-mercaptopurine), methotrexate and ciclospo-
rine. Of these, the only disease-modifying therapies are the
immunosuppressive agents azathioprine and methotrexate,
both of which have a slow onset of action and only a moderate
efficacy. Long-term therapy may cause liver damage (fibrosis
or cirrhosis) and bone marrow suppression. Also patients
often become refractory to such treatment. Other therapeutic
regimes merely address symptoms (Rutgeerts, P. A, J Gas-
troenterol Hepatol, 17 Suppl: S176-185 (2002); Rutgeerts, P.,
Aliment Pharmacol Ther, 17: 185-192 (2003)).
Psoriasis

Psoriasis is one of the most common immune-mediated
chronic skin diseases that comes in different forms and varied
levels of severity, affecting approximately 2% of the popula-
tion or more than 4.5 million people in the United States of
which 1.5 million are considered to have a moderate to severe
form of the disease. Ten to thirty percent of patients with
psoriasis also develop a form of arthritis—psoriatic arthritis,
which damages the bone and connective tissue around the
joints. Psoriasis appears as patches of raised red skin covered
by a flaky white buildup. It may also have a pimple-ish (pus-



US 9,416,146 B2

3

tular psoriasis) or burned (erythrodermic) appearance. Pso-
riasis may also cause intense itching and burning. Patients
suffer psychologically as well as physically. Several modali-
ties are currently available for treatment of psoriasis, includ-
ing topical treatment, phototherapy, and systemic applica-
tions. However, they are generally considered to be only
disease suppressive and disease modifying; none of them are
curative. Moreover, many treatments are either cosmetically
undesirable, inconvenient for long-term use, or associated
with significant toxicity.

There are several types of psoriasis. Plaque psoriasis (pso-
riasis vulgaris) is the most common form of psoriasis. It
affects 80 to 90% of people with psoriasis. Plaque psoriasis
typically appears as raised areas of inflamed skin covered
with silvery white scaly skin. These areas are called plaques.
Flexural psoriasis (inverse psoriasis) appears as smooth
inflamed patches of skin. It occurs in skin folds, particularly
around the genitals (between the thigh and groin), the arm-
pits, under an overweight stomach (pannus), and under the
breasts (intramammary fold). It is aggravated by friction and
sweat, and is vulnerable to fungal infections. Guttate psoria-
sisis characterized by numerous small oval (teardrop-shaped)
spots. These numerous spots of psoriasis appear over large
areas of the body, such as the trunk, limbs, and scalp. Guttate
psoriasis is associated with streptococcal throat infection.
Pustular psoriasis appears as raised bumps that are filled with
non-infectious pus (pustules). The skin under and surround-
ing pustules is red and tender. Pustular psoriasis can be loca-
lised, commonly to the hands and feet (palmoplantar pustu-
losis), or generalised with widespread patches occurring
randomly on any part of the body. Nail psoriasis produces a
variety of changes in the appearance of finger and toe nails.
These changes include discoloring under the nail plate, pit-
ting of the nails, lines going across the nails, thickening of the
skin under the nail, and the loosening (onycholysis) and
crumbling of the nail. Psoriatic arthritis involves joint and
connective tissue inflammation. Psoriatic arthritis can affect
any joint but is most common in the joints of the fingers and
toes. This can result in a sausage-shaped swelling of the
fingers and toes known as dactylitis. Psoriatic arthritis can
also affect the hips, knees and spine (spondylitis). About
10-15% of people who have psoriasis also have psoriatic
arthritis. Erythrodermic psoriasis involves the widespread
inflammation and exfoliation of the skin over most of the
body surface. It may be accompanied by severe itching,
swelling and pain. It is often the result of an exacerbation of
unstable plaque psoriasis, particularly following the abrupt
withdrawal of systemic treatment. This form of psoriasis can
be fatal, as the extreme inflammation and exfoliation disrupt
the body’s ability to regulate temperature and for the skin to
perform barrier functions.

With increased understanding of the biological properties
of psoriasis over the past two decades, biologic therapies
targeting the activity of T lymphocytes and cytokines respon-
sible for the inflammatory nature of'this disease have become
available. Currently, drugs prescribed for psoriasis include
TNF-c inhibitors initially used for rheumatoid arthritis (RA)
treatment, ENBREL® (etanercept), REMICADE® (inflix-
imab) and HUMIRA® (adalimumab), and T-cell inhibitor
AMEVIVE® (alefacept) from Biogen approved in 2002 and
RAPTIVA® (efalizumab) from Genentech/Xoma approved
in 2003 (Weinberg, J. M., J Drugs Dermatol, 1: 303-310,
(2002)). AMEVIVE® (alefacept) is an immunoglobulin
fusion protein composed of the first extracellular domain of
human LFA-3 fused to the hinge, C(H)2 and C(H)3 domains
of human IgG(1). It inhibits T cell proliferation through NK
cells (Cooper, J. C., Eur J Immunol, 33: 666-675, (2003)).
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RAPTIVA® is also known as anti-CD 11a, a humanized
monoclonal antibody which targets the T cell adhesion mol-
ecule, leukocyte function-associated antigen-1 (LFA-1). Pre-
vention of LFA-1 binding to its ligand (ICAM-1, intercellular
adhesion molecule-1) inhibits lymphocyte activation and
migration, resulting in a decreased lymphocyte infiltration,
thereby limiting the cascade of events eventually leading to
the signs and symptoms of psoriasis (Cather, J. C., Expert
Opin Biol Ther, 3: 361-370, (2003)). Potential side effects for
current TNF-a inhibitors of the prior art, however, are severe,
including development of lymphoma (Brown, S. L., Arthritis
Rheum, 46: 3151-3158, (2002)), worsening congestive heart
failure, resulting in a serious infection and sepsis, and exac-
erbations of multiple sclerosis and central nervous system
problems (Weisman, M. H., J Rheumato! Suppl, 65: 33-38,
(2002); Antoni, C., Clin Exp Rheumatol, 20: S152-157,
(2002)). While side effects of the T-cell inhibitor of
AMEVIVE®/RAPTIVA® may be more tolerable in psoriasis
treatment, RAPTIVA® is an immunosuppressive agent.
Immunosuppressive agents have the potential to increase the
risk of infection, reactivate latent, chronic infections or
increase the risk of cancer development.

Although many advances have been made in the under-
standing of the biological properties of psoriasis over the past
two decades and an unconventional treatment for psoriasis
has become available as described above, much of the suffer-
ing it produces is still not adequately addressed. A survey of
over 40,000 American patients with psoriasis performed by
the National Psoriasis Foundation in 1998 showed 79% ofthe
younger patients felt frustrated by the ineffectiveness of their
treatment. Of those with severe disease, 32% felt their treat-
ment was not aggressive enough (Mendonca, C. O., Pharma-
col Ther, 99: 133-147, (2003); Schon, M. P., J Invest Derma-
tol, 112: 405-410, (1999)).

Rheumatoid Arthritis

Rheumatoid arthritis (RA) represents another example of
troublesome inflammatory disorders. It is a common chronic
inflammatory-related disease characterized by chronic
inflammation in the membrane lining (the synovium) of the
joints and/or other internal organs. The inflammatory cells
can also invade and damage bone and cartilage. The joint
involved can lose its shape and alignment, resulting in loss of
movement. Patients with RA have pain, stiffness, warmth,
redness and swelling in the joint, and other systemic symp-
toms like fever, fatigue, and anemia. Approximately 1% of the
population or 2.1 million in the U.S. are currently affected, of
which more are women (1.5 million) than men (0.6 million).
The pathology of RA is not fully understood although the
cascade of improper immunological reactions has been pos-
tulated as a mechanism. Conventional treatment is unfortu-
nately inefficient in RA (Bessis, N., J Gene Med, 4: 581-591,
(2002)) (29). The disease does not respond completely to
symptomatic medications including corticosteroids and non-
steroidal anti-inflammatory drugs (NSAIDs) used since the
1950s. Also, these medications carry a risk of serious adverse
effects. The therapeutic effects of the disease-modifying anti-
rheumatic drugs (DMARDs) such as Methotrexate (MTX)
are often inconsistent and short-lived.

The role of the cytokine network in mediating inflamma-
tion and joint destruction in RA has been extensively inves-
tigated in recent years. In addition to TNF-a, IL-1 plays a
pivotal role in the pathogenesis and the clinical manifesta-
tions of RA (54). The ability of IL-1 to drive inflammation and
joint erosion and to inhibit tissue repair processes has been
clearly established in in vitro systems and in animal models,
and alleviation of inflammatory symptoms in RA patients has
been achieved by blockage of 1L.-1 (Bresnihan, B., Arthritis
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Rheum, 41: 2196-2204, (1998)). IL-6 is a multifunctional
cytokine that regulates the immune response, hematopoiesis,
the acute phase response, and inflammation. Deregulation of
IL-6 production is implicated in the pathology of several
diseases including RA. A therapeutic approach to block the
1L-6 signal has been carried out by using humanized anti-IL.-
6R antibody for RA among other diseases (Ito, H., Curr Drug
Targets Inflamm Allergy, 2: 125-130, (2003); Ishihara, K
Cytokine Growth Factor Rev, 13: 357-368, (2002)). IL-10 is
an anti-inflammatory cytokine Expressing I[.-10 has been
shown to prevent arthritis or ameliorate the disease in animal
models (57, 58). While it is obvious that cytokines such as
TNF-a, IL-1, IL-6 and I1.-10 have independent roles, they act
in concert in mediating certain pathophysiological processes
in RA. The finding of a class of molecules described in this
invention, which are able to modulate these different cytok-
ines, will result in dramatic therapeutic progress in the treat-
ment of RA.

A new class of biologic DMARDs (disease-moditying
antirheumatic drugs) for the treatment of RA has recently
been developed based on an understanding of the role of
cytokines, TNF-c and IL.-1, in the inflammatory process. The
FDA has approved several such DMARDs including
ENBREL® (etanercept) from Immunex/Amgen Inc. in 1998,
REMICADE® (infliximab) from Centocor/Johnson &
Johnson, HUMIRA® (adalimumab) from Abbott Laborato-
ries Inc. in 2002, and KINERET® (anakinra) from Amgen in
2001. ENBREL® is a soluble TNF receptor (INFR) recom-
binant protein. REMICADE® is a humanized mouse (chi-
meric) anti-TNF-a. monoclonal antibody. HUMIRA® is a
fully human anti-TNF monoclonal antibody created using
phage display technology resulting in an antibody with
human-derived heavy and light chain variable regions and
human IgG1:k constant regions. All these 3 protein-based
drugs target and bind to TNF-a to block the effects of TNF-c..
KINERET® is a recombinant I[.-1 receptor antagonist,
which is similar to native human IL-1Ra, except for the addi-
tion of a single methionine residue at its amino terminus.
KINERET® blocks the biologic activity of IL.-1 by competi-
tively inhibiting IL.-1 binding to the IL-1 type I receptor
(IL-1RI) and consequently reducing the pro-inflammatory
effects of IL-1.

Multiple Sclerosis

Multiple Sclerosis (MS) is an autoimmune disease diag-
nosed in 350,000 to 500,000 people in the United States.
Multiple areas of inflammation and loss of myelin in the brain
and spinal cord signify the disease. Patients with MS exhibit
varied degrees of neurological impairment depending on the
location and extent of the loss of the myelin. There is evidence
that the expression of chemokines (IL-8 family members)
during CNS autoimmune inflammation is regulated by some
pro-inflammatory cytokines, such as TNF (Glabinski, A. R.,
Scand J Immunol, 58: 81-88, (2003)). The roles of other
pro-/anti-inflammatory cytokines such as IL-1.beta., IL-6 and
1L-10 were also confirmed in EAE animal models (Diab, A.,
J Neuropathol Exp Neurol, 56: 641-650, (1997); Samoilova,
E. B., J Immunol, 161: 6480-6486, (1998); Robertson, J., J
Cell Biol, 155: 217-226, (2001)) as well as in humans (de
Jong, B. A.,J Neuroimmunol, 126: 172-179, (2002)). IL-101s
present in MS lesions. IL.-1 receptor antagonist (IL-1Ra)
moderates the induction of experimental autoimmune
encephalomyelitis (EAE). Increased risk of MS has been seen
in individuals with High IL-1 (3 over IL.-1Ra production ratio
and high TNF over IL-10 production ratio (de Jong, B. A., J
Neuroimmunol, 126: 172-179, (2002)). Common symptoms
of MS include fatigue, weakness, spasticity, balance prob-
lems, bladder and bowel problems, numbness, vision loss,
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tremors and depression. Current treatment of MS only alle-
viates symptoms or delays the progression of disability, and
several new treatments for MS including stem cell transplan-
tation and gene therapy are conservatory (Fassas, A., Blood
Rev, 17: 233-240, (2003); Furlan, R., Curr Pharm Des, 9:
2002-2008, (2003)). While anti-TNF antibodies have shown
protective effects in experimental autoimmune encephalomy-
elitis (EAE), they aggravate the disease in MS patients, sug-
gesting that inhibition of TNF-c. alone is not sufficient
(Ghezzi, P., Neuroimmunomodulation, 9: 178-182, (2001)).
Neurodegenerative Disorders

Alzheimer’s disease (AD) and Parkinson’s disease (PK)
are the two most common neurodegenerative disorders. AD
seriously affects a person’s ability to carry out daily activities.
It involves the parts of the brain that control thought, memory,
and language. About 4 million Americans, usually after age
60, are estimated to suffer from AD.

PK is a progressive disorder of the central nervous system
affecting over 1.5 million people in the United States. Clini-
cally, the disease is characterized by a decrease in spontane-
ous movements, gait difficulty, postural instability, rigidity
and tremor. PK is caused by the degeneration of the pig-
mented neurons in the substantia nigra of the brain, resulting
in decreased dopamine availability. The causes of these neu-
rodegenerative disorders are unknown and there is currently
no cure for the disease.

Thus, novel approaches for the treatment of the above and
other inflammatory-related diseases are needed. Although
inflammatory-related disease mechanisms remain unclear
and often vary from each other, dysfunction of the immune
system caused by deregulation of cytokines has been demon-
strated to play an important role in the initiation and progres-
sion of inflammation (Schon, M. P., J Invest Dermatol, 112:
405-410, (1999); Andreakos, E. T., Cytokine Growth Factor
Rev, 13:299-313, (2002); Najarian, D. J., J Am Acad Derma-
tol, 48: 805-821, (2003)).

Post-Radiotherapy Related Inflammation:

Radiation damage related inflammatory diseases to the
rectum and sigmoid colon are most common complications
with radiation therapy for cancers in the pelvic region, which
include cancers of the cervix, uterus, prostate, bladder, and
testes. Radiation proctosigmoiditis is the most common clini-
cally apparent form of colonic damage after pelvic irradiation
with an incidence of 5% to 20%. Patients typically exhibit
symptoms of tenesmus, bleeding, low-volume diarrhea, and
rectal pain. Rarely, low-grade obstruction or fistulous tracts
into adjacent organs may develop.

Cytokines can be generally classified into 3 types: pro-
inflammatory (IL-1¢, B, IL-2, IL-3, IL-6, IL-7, IL-9, IL-12,
1L-17, IL-18, IL-23, TNF-a, LT, LIF, Oncostatin, and
IFNcla, f, y); anti-inflammatory (IL-4, IL-1p, IL-11, W-13
and TGF-f); and chemokines (IL-8, Gro-a,, MIP-1, MCP-1,
ENA-78, and RANTES).

Tumor necrosis factor-a (TNF-a) and interleukin-1 (IL-1)
are proinflammatory cytokines that mediate inflammatory
responses associated with infectious agents and other cellular
stresses. Overproduction of cytokines such as IL-1 and
TNF-c is believed to underlie the progression of many
inflammatory diseases including rheumatoid arthritis (RA),
Crohn’s disease, inflammatory bowel disease, multiple scle-
rosis, endotoxin shock, osteoporosis, Alzheimer’s disease,
congestive heart failure, and psoriasis among others
(Dinarello, C. A. et al., Rev. Infect. Diseases 1984, 6:51;
Salituro et al., Curr. Med. Chem. 1999, 6:807-823; Henry et
al., Drugs Fut. 1999, 24:1345-1354). An accepted therapeutic
approach for potential drug intervention in these conditions is
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the reduction of proinflammatory cytokines such as TNF-a
(also referred to as TNFa) and interleukin-1p (IL-1b).
Phosphodiesterase4

The cyclic nucleotide specific phosphodiesterases (PDEs)
represent a family of enzymes that catalyze the hydrolysis of
various cyclic nucleoside monophosphates (including cAMP
and cGMP). These cyclic nucleotides act as second messen-
gers within cells, and as messengers, carry impulses from cell
surface receptors having bound various hormones and neu-
rotransmitters. PDEs act to regulate the level of cyclic nucle-
otides within cells and maintain cyclic nucleotide homeosta-
sis by degrading such cyclic mononucleotides resulting in
termination of their messenger role.

PDE enzymes can be grouped into eleven families accord-
ing to their specificity toward hydrolysis of cAMP or cGMP,
their sensitivity to regulation by calcium, calmodulin or
c¢GMP, and their selective inhibition by various compounds.
For example, PDE 1 is stimulated by Ca**/calmodulin. PDE
2 is cGMP-dependent, and is found in the heart and adrenals.
PDE 3 is cGMP-dependent, and inhibition of this enzyme
creates positive inotropic activity. PDE 4 is cAMP specific,
and its inhibition causes airway relaxation, antiinflammatory
and antidepressant activity. PDE 5 appears to be important in
regulating cGMP content in vascular smooth muscle, and
therefore PDE 5 inhibitors may have cardiovascular activity.
Since the PDEs possess distinct biochemical properties, it is
likely that they are subject to a variety of different forms of
regulation.

PDEA4 is distinguished by various kinetic properties includ-
ing low Michaelis constant for cAMP and sensitivity to cer-
tain drugs. The PDE4 enzyme family consists of four genes,
which produce 4 isoforms of the PDE4 enzyme designated
PDE4A, PDE4B, PDE4C, and PDE4D [See: Wang et al.,
Expression, Purification, and Characterization of human
cAMP-Specific Phosphodiesterase (PDE4) Subtypes A, B, C,
and D, Biochem. Biophys. Res. Comm., 234,320 324 (1997)]
In addition, various splice variants of each PDE4 isoform
have been identified.

PDE4 isoenzymes are localized in the cytosol of cells and
are unassociated with any known membranous structures.
PDE4 isoenzymes specifically inactivate cAMP by cata-
lyzing its hydrolysis to adenosine 5'-monophosphate (AMP).
Regulation of cAMP activity is important in many biological
processes, including inflammation and memory Inhibitors of
PDE4 isoenzymes such as rolipram, piclamilast, CDP-840
and ariflo are powerful antiinflammatory agents and therefore
may be useful in treating diseases where inflammation is
problematic such as asthma or arthritis. Further, rolipram
improves the cognitive performance of rats and mice in learn-
ing paradigms.

Compounds which can inhibit the biological moieties
described above, or treat diseases involving those biological
moieties, would be a significant advance in the art.

SUMMARY OF THE INVENTION

In a first aspect, the invention provides a compound of the
invention. In an exemplary embodiment, the compound is
described herein or a pharmaceutically acceptable salt
thereof. In an exemplary embodiment, the compound is
according to a formula described herein. In an exemplary
embodiment, the compound is a member selected from D1,
D2, D3, D4,D5,D6,D7,D8,D9,D10,D11,D12,D13,D14,
D15,D16, D17, D18, D19, D20, D21, D22, D23, D24, D25,
D26, D27, D28, D29, D30, D31, D32, D33, D34, D35, D36,
D37, D38, D39, D40, D41, D42, D43, D44, D45, D46, D47,
D48, D49, D50, D51, D52, D53, D54, D55, D56, D57, D58,
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D59, D60, D61, D62, D63, D64, D65, D66, D67, D68, D69,
D70,D71, D72, D73, D74, D75, D76, D77, D78, D79, D8O,
D81, D82, D83, D84, D85, D86, D87, D88, D89, D90, D91,
D92, D93, D94, D95, D96, D97, D98, D99, D100, D101,
D102, D103, D104, D105, D106, D107, D108, D109, D110,
D111,D112,D113,D114,D115,D116,D117, D118, D119,
D120, D121,D122, D123, D124, D125,D126, D127, D128,
D129, D130, D131, D132, D133, D134, D135, D136, D137,
D138, D139, D140, D141, D142, D143, D144, D145, D146,
D147,D148, D149, D150, D151, D152, D153, D154, D155,
D156, D157, D158, D159, D160, D161, D162, D163, D164,
D165, D166, D167, D168, D169, D170, D171, D172, D173,
D174, D175,D176, D177, D178, D179, D180, D181, D182,
D183, D184, D185, D186, D187, D188, D189, D190, D191,
D192, D193, D194, D195, D196, D197, D198, D199, D200,
D201, D202, D203, D204, D205, D206, D207, D208, D209,
D210, D211, D212, D213, D214, D215,D216, D217, D218,
D219, D220, D221, D222, D223, D224, D225, D226, D227,
D228 and D229.

In a second aspect, the invention provides a compound, and
salts thereof, having a structure according to the formula:

OR*
R¢ /
B {
Rb\L! 0
% \X/ 0

R

wherein R* is a member selected from H, a negative charge
and a positively charged counterion. X is a member selected
from CR? CR? and N. R? is a member selected from CN,
—C(O)NR'R?, and —C(O)OR?. R? and R¢ are members
independently selected from H, OR* NR*R>, SR*, —S(0)
R?, —S(0),R*, —S(0),NR*R?>, —C(O)R*, —C(O)ORY,
—C(O)NR*R?, nitro, halogen, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted hetero-
cycloalkyl, substituted or unsubstituted aryl, and substituted
or unsubstituted heteroaryl, wherein each R', R?, R* and R®
are members independently selected from H, nitro, halogen,
cyano, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl, and substituted or unsubsti-
tuted heteroaryl. R® is a member selected from H and substi-
tuted or unsubstituted alkyl. There is a proviso that R* and R?,
together with the atoms to which they are attached, are
optionally combined to form a 5- to 7-membered substituted
orunsubstituted heterocycloalkyl ring. There is a proviso that
R*and R?, together with the atoms to which they are attached,
are optionally combined to form a 5- to 7-membered substi-
tuted or unsubstituted heterocycloalkyl ring. There is a pro-
viso R? and R¢ cannot both be H. There is a proviso that R“ and
R? are optionally joined to form a 5- to 8-membered ring
comprising two 0xo moieties.

The invention also provides pharmaceutical formulations,
and methods of making and using the compounds described
herein.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1K display exemplary compounds of the inven-
tion.

FIGS. 2A-2H display exemplary compounds of the inven-
tion.
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. FIGS.3A-3FF display exemplary compounds of the inven-
tTOEiGS. 4 A-4FF display exemplary compounds of the inven-
tTOEiGS. 5A-5FF display exemplary compounds of the inven-
tTOEiGS. 6A-6L. display exemplary compounds of the inven-
tTOEiGS. 7A-7N display exemplary compounds of the inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

1. Definitions and Abbreviations

As used herein, the singular forms “a,” “an”, and “the”
include plural references unless the context clearly dictates
otherwise. For example, reference to “an active agent”
includes a single active agent as well as two or more different
active agents in combination. It is to be understood that
present teaching is not limited to the specific dosage forms,
carriers, or the like, disclosed herein and as such may vary.

The abbreviations used herein generally have their conven-
tional meaning within the chemical and biological arts.

The following abbreviations have been used: aq.-aqueous;
HATU-O-(7-azabenzotriazol-1-y1)-N,N,N'N'-tetramethylu-
ronium hexafluorophosphate; EDCI-N-(3-dimethylamino-
propyl)-N'-ethylcarbodiimide hydrochloride; m-CPBA-3-

chloroperoxybenzoic  acid; equiv-equivalent; DIAD-
diisopropyl azodicarboxylate; DMF-N,N-
dimethylformamide; DMSO-dimethylsulfoxide; AcOH-

acetic acid; NaCNBH;-sodium cyanoborohydride; Rt-room
temperature; THF-tetrahydrofuran; Boc,O-di-tert-butyl
dicarbonate; MeOH-methanol; EtOH-ethanol; TEA-trifluo-
roacetic acid; DIPEA-N,N-diisopropylethylamine; PrOH-1-
propanol; i-PrOH-2-propanol; mp-melting point; NMM-N-
methylmorpholine; B,pin,-bis(pinacolato)diboron; O/N-
overnight; BzOOH-benzoyl peroxide; THP-
tetrahydopyranyl; Ac-acetyl; PTSA-para-toluene sulfonic
acid; Pyr.-Pyridine; Cbz-benzyloxycarbonyl; MPM-p-meth-
oxybenzyl; DHP-dihydropyran; CS A-camphor sulfonic acid;
CTAB-cetyltrimethylammonium bromide; sat.-saturated;
Cy-cyclohexyl; Ph-phenyl; Ar-aryl.

“Compound of the invention,” as used herein refers to the
compounds discussed herein, salts (such as pharmaceutically
acceptable salts), prodrugs, solvates and hydrates of these
compounds.

“Inhibiting” and “blocking,” are used interchangeably
herein to refer to the partial or full blockade of the expression
of'a pro-inflammatory cytokine by a method ofthe invention,
which leads to a decrease in the amount of the cytokine in the
animal.

Where substituent groups are specified by their conven-
tional chemical formulae, written from left to right, they
equally encompass the chemically identical substituents,
which would result from writing the structure from right to
left, e.g., —CH,O— is intended to also recite —OCH,—.

The term “poly” as used herein means at least 2. For
example, a polyvalent metal ion is a metal ion having a
valency of at least 2.

“Moiety” refers to the radical of a molecule that is attached
to another moiety.

The symbols wanr , whether utilized as a bond or displayed
perpendicular to a bond, indicates the point at which the
displayed moiety is attached to the remainder of the molecule.

The term “alkyl,” by itself or as part of another substituent,
means, unless otherwise stated, a straight or branched chain,
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or cyclic hydrocarbon radical, or combination thereof, which
may be fully saturated, mono- or polyunsaturated and can
include di- and multivalent radicals, having the number of
carbon atoms designated (i.e. C,-C,, means one to ten car-
bons). In some embodiments, the term “alkyl” means a
straight or branched chain, or combinations thereof, which
may be fully saturated, mono- or polyunsaturated and can
include di- and multivalent radicals. Examples of saturated
hydrocarbon radicals include, but are not limited to, groups
such as methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl,
isobutyl, sec-butyl, cyclohexyl, (cyclohexyl)methyl, cyclo-
propylmethyl, homologs and isomers of, for example, n-pen-
tyl, n-hexyl, n-heptyl, n-octyl, and the like. An unsaturated
alkyl group is one having one or more double bonds or triple
bonds. Examples of unsaturated alkyl groups include, but are
not limited to, vinyl, 2-propenyl, crotyl, 2-isopentenyl,
2-(butadienyl), 2.4-pentadienyl, 3-(1,4-pentadienyl), ethy-
nyl, 1- and 3-propynyl, 3-butynyl, and the higher homologs
and isomers.

The term “unsubstituted alkyl” encompasses straight or
branched chain saturated hydrocarbon radicals. Examples of
saturated hydrocarbon radicals include, but are not limited to,
groups such as methyl, ethyl, n-propyl, isopropyl, n-butyl,
t-butyl, isobutyl, sec-butyl, n-pentyl.

The term “alkylene” by itself or as part of another substitu-
ent means a divalent radical derived from an alkane, as exem-
plified, but not limited, by —CH,CH,CH,CH,—, and further
includes those groups described below as “heteroalkylene.”
Typically, an alkyl (or alkylene) group will have from 1 to 24
carbon atoms, with those groups having 10 or fewer carbon
atoms being preferred in the present invention. A “lower
alkyl” or “lower alkylene” is a shorter chain alkyl or alkylene
group, generally having eight or fewer carbon atoms.

The terms “alkoxy,” “alkylamino” and “alkylthio” (or thio-
alkoxy) are used in their conventional sense, and refer to those
alkyl groups attached to the remainder of the molecule via an
oxygen atom, an amino group, or a sulfur atom, respectively.

The term “heteroalkyl,” by itself or in combination with
another term, means, unless otherwise stated, a stable straight
or branched chain, or cyclic hydrocarbon radical, or combi-
nations thereof, consisting of the stated number of carbon
atoms and at least one heteroatom. In some embodiments, the
term “heteroalkyl,” by itself or in combination with another
term, means a stable straight or branched chain, or combina-
tions thereof, consisting of the stated number of carbon atoms
and at least one heteroatom. In an exemplary embodiment, the
heteroatoms can be selected from the group consisting of B,
O, N and S, and wherein the nitrogen and sulfur atoms may
optionally be oxidized and the nitrogen heteroatom may
optionally be quaternized. The heteroatom(s) B, O, N and S
may be placed at any interior position of the heteroalkyl group
or at the position at which the alkyl group is attached to the
remainder of the molecule. Examples include, but are not
limited to, —CH,—CH,—0O—CH,, —CH,—CH,—NH—
CH,, —CH,—CH,—N(CH,)—CH,, —CH,—S—CH,—
CH,, —CH,—CH,, —S(O)—CH,, —CH,—CH,—
S(0),—CH,, —CH—CH—0O—CH,, —CH,—CH—N—
OCH,;, and —CH—CH—N(CH;)—CH;. Up to two heteroa-
toms may be consecutive, such as, for example, —CH,—
NH—OCHj;. Similarly, the term “heteroalkylene” by itself or
as part of another substituent means a divalent radical derived
from heteroalkyl, as exemplified, but not limited by, —CH,—
CH,—S—CH,—CH,— and —CH,—S—CH,—CH,—
NH—CH,—. For heteroalkylene groups, heteroatoms can
also occupy either or both of the chain termini (e.g., alkyle-
neoxy, alkylenedioxy, alkyleneamino, alkylenediamino, and
the like). Still further, for alkylene and heteroalkylene linking
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groups, no orientation of the linking group is implied by the
direction in which the formula of the linking group is written.
For example, the formula —C(O),R'-represents both
—C(0O),R'—and —R'C(O),—.

The terms “cycloalkyl” and “heterocycloalkyl”, by them-
selves or in combination with other terms, represent, unless
otherwise stated, cyclic versions of “alkyl” and “heteroalkyl”,
respectively. Additionally, for heterocycloalkyl, a heteroatom
can occupy the position at which the heterocycle is attached to
the remainder of the molecule. Examples of cycloalkyl
include, but are not limited to, cyclopentyl, cyclohexyl, 1-cy-
clohexenyl, 3-cyclohexenyl, cycloheptyl, and the like.
Examples of heterocycloalkyl include, but are not limited to,
1-(1,2,5,6-tetrahydropyridyl), 1-piperidinyl, 2-piperidinyl,
3-piperidinyl, 4-morpholinyl, 3-morpholinyl, tetrahydrofu-
ran-2-yl, tetrahydrofuran-3-yl, tetrahydrothien-2-yl, tetrahy-
drothien-3-yl, 1-piperazinyl, 2-piperazinyl, and the like.

The terms “halo” or “halogen,” by themselves or as part of
another substituent, mean, unless otherwise stated, a fluorine,
chlorine, bromine, or iodine atom. Additionally, terms such as
“haloalkyl,” are meant to include monohaloalkyl and polyha-
loalkyl. For example, the term “halo(C,-C,)alkyl” is mean to
include, but not be limited to, triftuoromethyl, 2,2,2-trifluo-
roethyl, 4-chlorobutyl, 3-bromopropyl, and the like.

The term “ary]l” means, unless otherwise stated, a polyun-
saturated, aromatic, substituent that can be a single ring or
multiple rings (preferably from 1 to 3 rings), which are fused
together or linked covalently. The term “heteroaryl” refers to
aryl groups (or rings) that contain from one to four heteroat-
oms. In an exemplary embodiment, the heteroatom is selected
from B, N, O, and S, wherein the nitrogen and sulfur atoms
are optionally oxidized, and the nitrogen atom(s) are option-
ally quaternized. A heteroaryl group can be attached to the
remainder of the molecule through a heteroatom. Non-limit-
ing examples of aryl and heteroaryl groups include phenyl,
1-naphthyl, 2-naphthyl, 4-biphenyl, 1-pyrrolyl, 2-pyrrolyl,
3-pyrrolyl, 3-pyrazolyl, 2-imidazolyl, 4-imidazolyl, pyrazi-
nyl, 2-oxazolyl, 4-oxazolyl, 2-phenyl-4-oxazolyl, 5-ox-
azolyl, 3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, 2-thiazolyl,
4-thiazolyl, 5-thiazolyl, 2-furyl, 3-furyl, 2-thienyl, 3-thienyl,
2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl,
5-benzothiazolyl, purinyl, 2-benzimidazolyl, 5-indolyl,
1-isoquinolyl, 5-isoquinolyl, 2-quinoxalinyl, S-quinoxalinyl,
3-quinolyl, 6-quinolyl, dioxaborolane, dioxaborinane and
dioxaborepane. Substituents for each of the above noted aryl
and heteroaryl ring systems are selected from the group of
acceptable substituents described below.

For brevity, the term “aryl” when used in combination with
other terms (e.g., aryloxy, arylthioxy, arylalkyl) includes
those radicals in which an aryl group is attached through the
next moiety to the rest of the molecule. Thus, the term “ary-
lalkyl” is meant to include those radicals in which an aryl
group is attached to an alkyl group (e.g., benzyl, 1-(3-nitro-
phenyl)ethyl and the like). A substituent such as benzyl or
1-(3-nitrophenyl)ethyl can also be represented by ‘substi-
tuted alkyl’ wherein the ethyl radical is substituted with a
3-nitrophenyl moiety. The term “aryloxy” is meant to include
those radicals in which an aryl group is attached to an oxygen
atom. The term “aryloxyalkyl” is meant to include those
radicals in which an aryl group is attached to an oxygen atom
which is then attached to an alkyl group (e.g., phenoxym-
ethyl, 3-(1-naphthyloxyl)propyl, and the like).

For brevity, the term “heteroaryl” when used in combina-
tion with other terms (e.g., heteroaryloxy, heteroarylthioxy,
heteroarylalkyl) includes those radicals in which a heteroaryl
group is attached through the next moiety to the rest of the
molecule. Thus, the term “heteroarylalkyl” is meant to
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include those radicals in which a heteroaryl group is attached
to an alkyl group (e.g., pyridylmethyl and the like). The term
“heteroaryloxy” is meant to include those radicals in which a
heteroaryl group is attached to an oxygen atom. The term
“heteroaryloxyalkyl” is meant to include those radicals in
which an aryl group is attached to an oxygen atom which is
then attached to an alkyl group. (e.g., 2-pyridyloxymethyl and
the like).

Each ofthe above terms (e.g., “alkyl,” “heteroalkyl,” “aryl”
and “heteroaryl”) are meant to include both substituted and
unsubstituted forms of the indicated radical. Preferred sub-
stituents for each type of radical are provided below.

Substituents for the alkyl and heteroalkyl radicals (includ-
ing those groups often referred to as alkylene, alkenyl, het-
eroalkylene, heteroalkenyl, alkynyl, cycloalkyl, heterocy-
cloalkyl, cycloalkenyl, and heterocycloalkenyl) are
generically referred to as “alkyl group substituents,” and they
can be one or more of a variety of groups selected from, but
not limited to: —R', —OR', —0, —NR', —N-—OR/,

~ NRR", —SR', -halogen, —SiRR"R", —OC(O)R',
—C(OR', —COR, —CONRR", —OC(O)NRR",
~NR"C(O)R, —NR'"C(O)NR'R"™, — NR"C(O),R',

7NRI4C(NRIR"RI"):NR"ll, 7NRIIII7C(NRIR"):NRIH,
—S(O)R', —S(0O),R', —S(0),NR'R", —NR"SO,R', —CN,
—NO,, —N;, —CH(Ph),, fluoro(C,-C,)alkoxy, and fluoro
(C,-C,alkyl, in a number ranging from zero to (2m'+1),
where m' is the total number of carbon atoms in such radical.
R, R",R"™, R"" and R"" each preferably independently refer
to hydrogen, substituted or unsubstituted heteroalkyl, substi-
tuted or unsubstituted aryl, e.g., aryl substituted with 1-3
halogens, substituted or unsubstituted alkyl, alkoxy or thio-
alkoxy groups, or arylalkyl groups. When a compound of the
invention includes more than one R group, for example, each
of'the R groups is independently selected as are each R', R",
R™,R"" and R"" groups when more than one of these groups
is present. When R' and R" are attached to the same nitrogen
atom, they can be combined with the nitrogen atom to form a
5-, 6-, or 7-membered ring. For example, —NR'R" is meant to
include, but not be limited to, 1-pyrrolidinyl and 4-morpholi-
nyl. From the above discussion of substituents, one of skill in
the art will understand that the term “alkyl” is meant to
include groups including carbon atoms bound to groups other
than hydrogen groups, such as haloalkyl (e.g., —CF; and
—CH,CF;) and acyl (e.g., —C(O)CH;, —C(O)CF;, —C(O)
CH,OCHj;, and the like).

Similar to the substituents described for the alkyl radical,
substituents for the aryl and heteroaryl groups are generically
referred to as “aryl group substituents.” The substituents are
selected from, for example: —R', —OR', —0O, —NR,
—N—OR', —NR'R", —SR’, -halogen, —SiR'R"R"", —OC
(O)R', —C(O)R', —CO,R', —CONR'R", —OC(O)NR'R",

—NR"C(O)R, —NR—C(O)NR"R"™, —NR"C(O),R,
7NRIllll;C(NRlRllRlll):NRllll, 7NRIII|4C(NRIRII)
—NR"™,  —S(O)R, —SO)R, —S(O),NRR",

—NR"SO,R', —CN, —NO,, —N;, —CH(Ph),, fluoro(C,-
C,)alkoxy, and fluoro(C,-C,)alkyl, in a number ranging from
zero to the total number of open valences on the aromatic ring
system; and where R', R", R"', R"" and R"" are preferably
independently selected from hydrogen, substituted or unsub-
stituted alkyl, substituted or unsubstituted heteroalkyl, sub-
stituted or unsubstituted aryl and substituted or unsubstituted
heteroaryl. When a compound of the invention includes more
than one R group, for example, each of the R groups is
independently selected as are each R', R", R™, R"" and R"™"
groups when more than one of these groups is present.

Two of the substituents on adjacent atoms of the aryl or
heteroaryl ring may optionally be replaced with a substituent
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of the formula -T-C(O)—(CRR"),—U—, wherein T and U
are independently —NR—, —O—, —CRR'— or a single
bond, and q is an integer of from 0 to 3. Alternatively, two of
the substituents on adjacent atoms of the aryl or heteroaryl
ring may optionally be replaced with a substituent of the
formula -A-(CH,), —B—, wherein A and B are indepen-
dently —CRR'—, —O—, —NR—, —S—, —S(0)—,
—S(0),—, —S(0),NR'— or a single bond, and r is an inte-
ger of from 1 to 4. One of the single bonds of the new ring so
formed may optionally be replaced with a double bond. Alter-
natively, two of the substituents on adjacent atoms of the aryl
or heteroaryl ring may optionally be replaced with a substitu-
ent of the formula—(CRR'"),—X—(CR"R™),—, where s and
d are independently integers of from 0 to 3, and X is —O—,
—NR'—, —S8—, —S8(0)—, —S8(0),—, or —S(O),NR'—.
The substituents R, R', R" and R" are preferably indepen-
dently selected from hydrogen or substituted or unsubstituted
(C,-Cy)alkyl.

“Ring” as used herein, means a substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl, or substituted or unsubsti-
tuted heteroaryl. A ring includes fused ring moieties. The
number of atoms in a ring is typically defined by the number
of members in the ring. For example, a “5- to 7-membered
ring” means there are 5 to 7 atoms in the encircling arrange-
ment. Unless otherwise specified, the ring optionally includes
a heteroatom. Thus, the term “5- to 7-membered ring”
includes, for example phenyl, pyridinyl and piperidinyl. The
term “5- to 7-membered heterocycloalkyl ring”, on the other
hand, would include pyridinyl and piperidinyl, but not phe-
nyl. The term “ring” further includes a ring system compris-
ing more than one “ring”, wherein each “ring” is indepen-
dently defined as above.

As used herein, the term “heteroatom” includes atoms
other than carbon (C) and hydrogen (H). Examples include
oxygen (O), nitrogen (N) sulfur (S), silicon (Si), germanium
(Ge), aluminum (Al) and boron (B).

The symbol “R” is a general abbreviation that represents a
substituent group that is selected from substituted or unsub-
stituted alkyl, substituted or unsubstituted heteroalkyl, sub-
stituted or unsubstituted aryl, substituted or unsubstituted
heteroaryl, substituted or unsubstituted cycloalkyl and sub-
stituted or unsubstituted heterocycloalkyl groups.

By “effective” amount of a drug, formulation, or permeant
is meant a sufficient amount of a active agent to provide the
desired local or systemic effect. A “Topically effective,”
“Cosmetically effective,” “pharmaceutically effective,” or
“therapeutically effective” amount refers to the amount of
drug needed to effect the desired therapeutic result.

“Topically effective” refers to a material that, when applied
to the skin, nail, hair, claw or hoof produces a desired phar-
macological result either locally at the place of application or
systemically as a result of transdermal passage of an active
ingredient in the material.

“Cosmetically effective” refers to a material that, when
applied to the skin, nail, hair, claw or hoof, produces a desired
cosmetic result locally at the place of application of an active
ingredient in the material.

The terms “pharmaceutically acceptable salts” or “a salt
thereof” are meant to include salts of the compounds of the
invention which are prepared with relatively nontoxic acids or
bases, depending on the particular substituents found on the
compounds described herein. When compounds of the
present invention contain relatively acidic functionalities,
base addition salts can be obtained by contacting the neutral
form of such compounds with a sufficient amount of the
desired base, either neat or in a suitable inert solvent.
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Examples of pharmaceutically acceptable base addition salts
include sodium, potassium, calcium, ammonium, organic
amino, or magnesium salt, or a similar salt. When compounds
of the present invention contain relatively basic functional-
ities, acid addition salts can be obtained by contacting the
neutral form of such compounds with a sufficient amount of
the desired acid, either neat or in a suitable inert solvent.
Examples of pharmaceutically acceptable acid addition salts
include those derived from inorganic acids like hydrochloric,
hydrobromic, nitric, carbonic, monohydrogencarbonic,
phosphoric, monohydrogenphosphoric, dihydrogenphos-
phoric, sulfuric, monohydrogensulfuric, hydriodic, or phos-
phorous acids and the like, as well as the salts derived from
relatively nontoxic organic acids like acetic, propionic, isobu-
tyric, maleic, malonic, benzoic, succinic, suberic, fumaric,
lactic, mandelic, phthalic, benzenesulfonic, p-tolylsulfonic,
citric, tartaric, methanesulfonic, and the like. Also included
are salts of amino acids such as arginate and the like, and salts
of organic acids like glucuronic or galactunoric acids and the
like (see, for example, Berge et al., “Pharmaceutical Salts”,
Journal of Pharmaceutical Science 66: 1-19 (1977)). Certain
specific compounds of the present invention contain both
basic and acidic functionalities that allow the compounds to
be converted into either base or acid addition salts.

The neutral forms of the compounds are preferably regen-
erated by contacting the salt with a base or acid and isolating
the parent compounds in the conventional manner. The parent
form of the compound differs from the various salt forms in
certain physical properties, such as solubility in polar sol-
vents.

In addition to salt forms, the present invention provides
compounds which are in a prodrug form. Prodrugs of the
compounds or complexes described herein readily undergo
chemical changes under physiological conditions to provide
the compounds of the present invention. Additionally, pro-
drugs can be converted to the compounds of the present
invention by chemical or biochemical methods in an ex vivo
environment.

Certain compounds of the present invention can exist in
unsolvated forms as well as solvated forms, including
hydrated forms. In general, the solvated forms are equivalent
to unsolvated forms and are encompassed within the scope of
the present invention. Certain compounds of the present
invention may exist in multiple crystalline or amorphous
forms. In general, all physical forms are equivalent for the
uses contemplated by the present invention and are intended
to be within the scope of the present invention.

Certain compounds of the present invention possess asym-
metric carbon atoms (optical centers) or double bonds; the
racemates, diastereomers, geometric isomers and individual
isomers are encompassed within the scope of the present
invention. The graphic representations of racemic, ambis-
calemic and scalemic or enantiomerically pure compounds
used herein are taken from Maehr, J. Chem. Ed. 1985, 62:
114-120. Solid and broken wedges are used to denote the
absolute configuration of a stereocenter unless otherwise
noted. When the compounds described herein contain olefinic
double bonds or other centers of geometric asymmetry, and
unless specified otherwise, it is intended that the compounds
include both E and Z geometric isomers. Likewise, all tauto-
meric forms are included.

Compounds of the invention can exist in particular geo-
metric or stereoisomeric forms. The invention contemplates
all such compounds, including cis- and trans-isomers, (-)-
and (+)-enantiomers, (R)- and (S)-enantiomers, diastere-
omers, (D)-isomers, (L)-isomers, the racemic mixtures
thereof, and other mixtures thereof, such as enantiomerically
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or diastereomerically enriched mixtures, as falling within the
scope of the invention. Additional asymmetric carbon atoms
can be present in a substituent such as an alkyl group. All such
isomers, as well as mixtures thereof, are intended to be
included in this invention.

Optically active (R)- and (S)-isomers and d and 1 isomers
can be prepared using chiral synthons or chiral reagents, or
resolved using conventional techniques. If, for instance, a
particular enantiomer of a compound of the present invention
is desired, it can be prepared by asymmetric synthesis, or by
derivatization with a chiral auxiliary, where the resulting dias-
tereomeric mixture is separated and the auxiliary group
cleaved to provide the pure desired enantiomers. Alterna-
tively, where the molecule contains a basic functional group,
such as an amino group, or an acidic functional group, such as
a carboxyl group, diastereomeric salts can be formed with an
appropriate optically active acid or base, followed by resolu-
tion of the diastereomers thus formed by fractional crystalli-
zation or chromatographic means known in the art, and sub-
sequent recovery of the pure enantiomers. In addition,
separation of enantiomers and diastereomers is frequently
accomplished using chromatography employing chiral, sta-
tionary phases, optionally in combination with chemical
derivatization (e.g., formation of carbamates from amines).

The compounds of the present invention may also contain
unnatural proportions of atomic isotopes at one or more of the
atoms that constitute such compounds. For example, the com-
pounds may be radiolabeled with radioactive isotopes, such
as for example tritium (H), iodine-125 (**°I) or carbon-14
(**C). All isotopic variations of the compounds of the present
invention, whether radioactive or not, are intended to be
encompassed within the scope of the present invention.

The term “pharmaceutically acceptable carrier” or “phar-
maceutically acceptable vehicle” refers to any formulation or
carrier medium that provides the appropriate delivery of an
effective amount of an active agent as defined herein, does not
interfere with the effectiveness of the biological activity of the
active agent, and that is sufficiently non-toxic to the host or
patient. Representative carriers include water, oils, both veg-
etable and mineral, cream bases, lotion bases, ointment bases
and the like. These bases include suspending agents, thick-
eners, penetration enhancers, and the like. Their formulation
is well known to those in the art of cosmetics and topical
pharmaceuticals. Additional information concerning carriers
can be found in Remington: The Science and Practice of
Pharmacy, 21st Ed., Lippincott, Williams & Wilkins (2005)
which is incorporated herein by reference.

The term “pharmaceutically acceptable carrier” or “phar-
maceutically acceptable vehicle” refers to any formulation or
carrier medium that provides the appropriate delivery of an
effective amount of a active agent as defined herein, does not
interfere with the effectiveness of the biological activity of the
active agent, and that is sufficiently non-toxic to the host or
patient. Representative carriers include water, oils, both veg-
etable and mineral, cream bases, lotion bases, ointment bases
and the like. These bases include suspending agents, thick-
eners, penetration enhancers, and the like. Their formulation
is well known to those in the art of cosmetics and topical
pharmaceuticals. Additional information concerning carriers
can be found in Remington: The Science and Practice of
Pharmacy, 21st Ed., Lippincott, Williams & Wilkins (2005)
which is incorporated herein by reference.

“Pharmaceutically acceptable topical carrier” and equiva-
lent terms refer to pharmaceutically acceptable carriers, as
described herein above, suitable for topical application. An
inactive liquid or cream vehicle capable of suspending or
dissolving the active agent(s), and having the properties of
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being nontoxic and non-inflammatory when applied to the
skin, nail, hair, claw or hoof is an example of a pharmaceuti-
cally-acceptable topical carrier. This term is specifically
intended to encompass carrier materials approved for use in
topical cosmetics as well.

The term “pharmaceutically acceptable additive” refers to
preservatives, antioxidants, fragrances, emulsifiers, dyes and
excipients known or used in the field of drug formulation and
that do not unduly interfere with the effectiveness of the
biological activity of the active agent, and that is sufficiently
non-toxic to the host or patient. Additives for topical formu-
lations are well-known in the art, and may be added to the
topical composition, as long as they are pharmaceutically
acceptable and not deleterious to the epithelial cells or their
function. Further, they should not cause deterioration in the
stability of the composition. For example, inert fillers, anti-
irritants, tackifiers, excipients, fragrances, opacifiers, antioxi-
dants, gelling agents, stabilizers, surfactant, emollients, col-
oring agents, preservatives, buffering agents, other
permeation enhancers, and other conventional components of
topical or transdermal delivery formulations as are known in
the art.

The terms “enhancement,” “penetration enhancement” or
“permeation enhancement” relate to an increase in the per-
meability of the skin, nail, hair, claw or hoof to a drug, so as
to increase the rate at which the drug permeates through the
skin, nail, hair, claw or hoof. The enhanced permeation
effected through the use of such enhancers can be observed,
for example, by measuring the rate of diffusion of the drug
through animal skin, nail, hair, claw or hoof using a diffusion
cell apparatus. A diffusion cell is described by Merritt et al.
Diffusion Apparatus for Skin Penetration, J of Controlled
Release, 1 (1984) pp. 161-162. The term “permeation
enhancer” or “penetration enhancer” intends an agent or a
mixture of agents, which, alone or in combination, act to
increase the permeability of the skin, nail, hair or hoofto a
drug.

The term “excipients” is conventionally known to mean
carriers, diluents and/or vehicles used in formulating drug
compositions effective for the desired use.

The terms “effective amount” or a “therapeutically effec-
tive amount” of a drug or pharmacologically active agent
refers to a nontoxic but sufficient amount of the drug or agent
to provide the desired effect. In the oral dosage forms of the
present disclosure, an “effective amount” of one active of the
combination is the amount of that active that is effective to
provide the desired effect when used in combination with the
other active of the combination. The amount that is “effec-
tive” will vary from subject to subject, depending on the age
and general condition of the individual, the particular active
agent or agents, and the appropriate “effective” amount in any
individual case may be determined by one of ordinary skill in
the art using routine experimentation.

The phrases “active ingredient”, “therapeutic agent”,
“active”, or “active agent” mean a chemical entity which can
be effective in treating a targeted disorder, disease or condi-
tion.

The phrase “pharmaceutically acceptable” means moieties
or compounds that are, within the scope of medical judgment,
suitable for use in humans without causing undesirable bio-
logical effects such as undue toxicity, irritation, allergic
response, and the like, for example.

The phrase “oral dosage form™ means any pharmaceutical
composition administered to a subject via the oral cavity, in
which one or more antiplatelet agents and one or more acid
inhibitors are administered concurrently in combination,
optionally with one or more additional drugs. Exemplary oral
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dosage forms include tablets, capsules, films, powders,
sachets, granules, solutions, solids, suspensions or as more
than one distinct unit (e.g., granules, tablets, and/or capsules
containing different actives) packaged together for co-admin-
istration, and other formulations known in the art. An oral
dosage form can be one, two, three, four, five or six units.
When the oral dosage form has multiple units, all of the units
are contained within a single package, (e.g. a bottle or other
form of packaging such as a blister pack). When the oral
dosage form is a single unit, it may or may not be in a single
package.

In a preferred embodiment, the oral dosage form is one,
two or three units. In a particularly preferred embodiment, the
oral dosage form is one unit.

The phrase “unit”, as used herein, refers to the number of
discrete objects to be administered which comprise the dos-
age form. In some embodiments, the dosage form includes a
compound of the invention in one capsule. This is a single
unit. In some embodiments, the dosage form includes a com-
pound of the invention as part of a therapeutically effective
dosage of a cream or ointment. This is also a single unit. In
some embodiments, the dosage form includes a compound of
the invention and another active ingredient contained within
one capsule, or as part of a therapeutically effective dosage of
a cream or ointment or lotion. This is a single unit, whether or
not the interior of the capsule includes multiple discrete gran-
ules of the active ingredient. In some embodiments, the dos-
age form includes a compound of the invention in one cap-
sule, and the active ingredient in a second capsule. This is a
two unit dosage form, such as two capsules or tablets, and so
such units are contained in a single package. Thus the term
‘unit’ refers to the object which is administered to the animal,
not to the interior components of the object.

The term, “prodrug”, as defined herein, is a biologically
inactive derivative of a parent drug molecule that exerts its
pharmacological effect only after chemical and/or enzymatic
conversion to its active form in vivo. Prodrugs include those
designed to circumvent problems associated with delivery of
the parent drug. This may be due to poor physicochemical
properties, such as poor chemical stability or low aqueous
solubility, and may also be due to poor pharmacokinetic prop-
erties, such as poor bioavailability or poor half-life. Thus,
certain advantages of prodrugs may include improved chemi-
cal stability, absorption, and/or PK properties of the parent
carboxylic acids. Prodrugs may also be used to make drugs
more “patient friendly,” by minim/zing the frequency (e.g.,
once daily) or route of dosing (e.g., oral), or to improve the
taste or odor if given orally, or to minim/ze pain if given
parenterally.

Insome embodiments, the prodrugs effect a “slow-release”
of the active drug, thereby changing the time-course of
D-serine increase in a manner that improves the efficacy of
the parent compound. For example, compounds of the inven-
tion that extend D-serine level increases demonstrate
improved efficacy in animal models of cognition (e.g., Con-
textual Fear Conditioning or Novel Object Recognition).

In some embodiments, the prodrugs are chemically more
stable than the active drug, thereby improving formulation
and delivery of the parent drug, compared to the drug alone.

Prodrugs for carboxylic acid analogs of the invention may
include a variety of esters. In an exemplary embodiment, the
pharmaceutical compositions of the invention include a car-
boxylic acid ester. In an exemplary embodiment, the prodrug
is suitable for treatment/prevention of those diseases and
conditions that require the drug molecule to cross the blood
brain barrier. In an exemplary embodiment, the prodrug
enters the brain, where it is converted into the active form of
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the drug molecule. In one embodiment, a prodrug is used to
enable an active drug molecule to reach the inside of the eye
after topical application of the prodrug to the eye.

Additionally, a prodrug can be converted to its parent com-
pound by chemical or biochemical methods in an ex vivo
environment. For example, a prodrug can be slowly converted
to its parent compound when placed in a transdermal patch
reservoir with a suitable enzyme or chemical reagent.

The term “substrates” means pharmaceutically acceptable
particulate materials such as beads, particles, granules, pel-
lets, and the like, in an oral dosage form.

The term, “substantially free”, as used herein, refers to a
composition which contains none of the substance or less
than a therapeutically effective amount of the substance for
any known purpose for which the composition is intended.

The term “topical administration” refers to the application
of'a pharmaceutical agent to the external surface of the skin,
nail, hair, claw or hoof, such that the agent crosses the external
surface of the skin, nail, hair, claw or hoof and enters the
underlying tissues. Topical administration includes applica-
tion of the composition to intact skin, nail, hair, claw or hoof,
or to an broken, raw or open wound of skin, nail, hair, claw or
hoof. Topical administration of a pharmaceutical agent can
result in a limited distribution of the agent to the skin and
surrounding tissues or, when the agent is removed from the
treatment area by the bloodstream, can result in systemic
distribution of the agent.

The term “transdermal delivery” refers to the diffusion of
an agent across the barrier of the skin, nail, hair, claw or hoof
resulting from topical administration or other application of a
composition. The stratum corneum acts as a barrier and few
pharmaceutical agents are able to penetrate intact skin. In
contrast, the epidermis and dermis are permeable to many
solutes and absorption of drugs therefore occurs more readily
through skin, nail, hair, claw or hoof that is abraded or other-
wise stripped of the stratum corneum to expose the epidermis.
Transdermal delivery includes injection or other delivery
through any portion of the skin, nail, hair, claw or hoof or
mucous membrane and absorption or permeation through the
remaining portion. Absorption through intact skin, nail, hair,
claw orhoof'can be enhanced by placing the active agent in an
appropriate pharmaceutically acceptable vehicle before
application to the skin, nail, hair, claw or hoof. Passive topical
administration may consist of applying the active agent
directly to the treatment site in combination with emollients
or penetration enhancers. As used herein, transdermal deliv-
ery is intended to include delivery by permeation through or
past the integument, i.e. skin, nail, hair, claw or hoof.

The term “substrates” means pharmaceutically acceptable
particulate materials such as beads, particles, granules, pel-
lets, and the like, in an oral dosage form.

The term, “substantially free”, as used herein, refers to a
composition which contains none of the substance or less
than a therapeutically effective amount of the substance for
any known purpose for which the composition is intended.

The term “microbial infection” refers to any infection of'a
hosttissue by an infectious agent including, but not limited to,
viruses, bacteria, mycobacteria, fungus and parasites (see,
e.g., Harrison’s Principles of Internal Medicine, pp. 93-98
(Wilson et al., eds., 12th ed. 1991); Williams et al., J. of
Medicinal Chem. 42:1481-1485 (1999), herein each incorpo-
rated by reference in their entirety).

“Biological medium,” as used herein refers to both in vitro
and in vivo biological milieus. Exemplary in vitro “biological
media” include, but are not limited to, cell culture, tissue
culture, homogenates, plasma and blood. In vivo applications
are generally performed in mammals, preferably humans.
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A “human nail unit”, as defined herein, can be the nail
plate, the nail bed, proximal nail fold, lateral nail fold and
combinations thereof.

The term “leaving group” means a functional group or
atom which can be displaced by another functional group or
atom in a substitution reaction, such as a nucleophilic substi-
tution reaction. By way of example, representative leaving
groups include triflate, chloro, bromo and iodo groups; sul-
fonic ester groups, such as mesylate, tosylate, brosylate,
nosylate and the like; and acyloxy groups, such as acetoxy,
trifluoroacetoxy and the like.

The term “amino-protecting group” means a protecting
group suitable for preventing undesired reactions at an amino
nitrogen. Representative amino-protecting groups include,
but are not limited to, formyl; acyl groups, for example
alkanoyl groups, such as acetyl, trichloroacetyl or trifluoro-
acetyl; alkoxycarbonyl groups, such as tert-butoxycarbonyl
(Boc); arylmethoxycarbonyl groups, such as benzyloxycar-
bonyl (Cbz) and 9-fluorenylmethoxycarbonyl (Fmoc); aryl-
methyl groups, such as benzyl (Bn), trityl (Tr), and 1,1-di-(4'-
methoxyphenyl)methyl; silyl groups, such as trimethylsilyl
(TMS) and tert-butyldimethylsilyl (TBS); and the like.

The term “hydroxy-protecting group” means a protecting
group suitable for preventing undesired reactions at a
hydroxy group. Representative hydroxy-protecting groups
include, but are not limited to, alkyl groups, such as methyl,
ethyl, and tert-butyl; acyl groups, for example alkanoyl
groups, such as acetyl; arylmethyl groups, such as benzyl
(Bn), p-methoxybenzyl (PMB), 9-fluorenylmethyl (Fm), and
diphenylmethyl (benzhydryl, DPM); silyl groups, such as
trimethylsilyl (TMS) and tert-butyldimethylsilyl (TBS); and
the like.

Boron is able to form dative bonds (or coordination bonds)
with oxygen, sulfur or nitrogen under some circumstances in
this invention. Dative bonds are usually weaker than covalent
bonds. In situations where a boron atom is covalently bonded
to at least one oxygen, sulfur or nitrogen, and is at the same
time datively bonded to an oxygen, sulfur or nitrogen, respec-
tively, the dative bond and covalent bond between the boron
and the two identical heteroatoms can interconvert or be in the
form of a resonance hybrid. There is potential uncertainty
surrounding the exact nature and extent of electron sharing in
these situations. The structures supplied are not intended to
include any and all possible bonding scenarios between boron

and the atom to which it is bound. Non limiting examples of

these bonds are as follows:
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“Salt counterion”, as used herein, refers to positively
charged ions that associate with a compound of the invention
when the boron is fully negatively or partially negatively
charged. Examples of salt counterions include H', H;O",
ammonium, potassium, calcium, magnesium and sodium.

The compounds comprising a boron bonded to a carbon
and three heteroatoms (such as three oxygens described in
this section) can optionally contain a fully negatively charged
boron or partially negatively charged boron, due to the nature
of the dative bond between the boron and one of the oxygens.
Due to the negative charge, a positively charged counterion
may associate with this compound, thus forming a salt.
Examples of positively charged counterions include H™,
H;0%, calcium, sodium, ammonium, potassium. The salts of
these compounds are implicitly contained in descriptions of
these compounds.

The present invention also encompasses compounds that
are poly- or multi-valent species, including, for example,
species such as dimers, trimers, tetramers and higher
homologs of the compounds of use in the invention or reactive

analogues thereof. For example, dimers of oxaboroles can
form under the following conditions:
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The present invention also encompasses compounds that
are anhydrides of the cyclic boronic esters are synthesized by
subjecting these compounds to dehydrating conditions.
Examples of these anhydrides are provided below:

/OH
NC
7 B\
| o) >
HyC o)
3 \"/ ~ o \N o

0
0

e )]\o AN | o

0

/

Ne” X B\

0

Ne s J

| Y.
H3C\n/o\/\o Ny o

¢}

Trimers of the compounds of the invention are also pro-
duced. For example, trimers of acyclic boronic esters can be
formed as follows:
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Polymers of the compounds of the invention are also pro-
duced through the removal of certain protecting groups in
strong acid. For example, trimers of acyclic boronic esters can
be formed as follows:

o
peves
| 0
mC\W/O\V/A\o Sy o)
0

H,0

e

HO_ _O
~B7 o
0
7 | 7~
N
N NN
0\1\ o)
0
0% ch;

Also of use in the present invention are compounds that are
poly- or multi-valent species, including, for example, species
such as dimers, trimers, tetramers and higher homologs of the
compounds of use in the invention or reactive analogues
thereof. The poly- and multi-valent species can be assembled
from a single species or more than one species of the inven-
tion. For example, a dimeric construct can be “homo-
dimeric” or “heterodimeric.” Moreover, poly- and multi-va-
lent constructs in which a compound of the invention or a
reactive analogue thereof, is attached to an oligomeric or
polymeric framework (e.g., polylysine, dextran, hydroxy-
ethyl starch and the like) are within the scope of the present
invention. The framework is preferably polyfunctional (i.e.
having an array of reactive sites for attaching compounds of
use in the invention). Moreover, the framework can be deriva-
tized with a single species of the invention or more than one
species of the invention.

Moreover, the present invention includes the use of com-
pounds within the motif set forth in the formulae contained
herein, which are functionalized to afford compounds having
water-solubility that is enhanced relative to analogous com-
pounds that are not similarly functionalized. Thus, any of the
substituents set forth herein can be replaced with analogous
radicals that have enhanced water solubility. For example, it is
within the scope of the invention to replace a hydroxyl group
with a diol, or an amine with a quaternary amine, hydroxy
amine or similar more water-soluble moiety. In a preferred
embodiment, additional water solubility is imparted by sub-
stitution at a site not essential for the activity towards the
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editing domain of the compounds set forth herein with a
moiety that enhances the water solubility of the parent com-
pounds. Methods of enhancing the water-solubility of organic
compounds are known in the art. Such methods include, but

CH;

are not limited to, functionalizing an organic nucleus with a
permanently charged moiety, e.g., quaternary ammonium, or
a group that is charged at a physiologically relevant pH, e.g.
carboxylic acid, amine. Other methods include, appending to
the organic nucleus hydroxyl- or amine-containing groups,
e.g. alcohols, polyols, polyethers, and the like. Representative
examples include, but are not limited to, polylysine, polyeth-
yleneimine, poly(ethyleneglycol) and poly(propylenegly-
col). Suitable functionalization chemistries and strategies for
these compounds are known in the art. See, for example,
Dunn, R. L., et al., Eds. POLYMERIC DRUGS AND DRUG
DELIVERY SYSTEMS, ACS Symposium Series Vol. 469,
American Chemical Society, Washington, D.C. 1991.

II. Introduction

The present invention has multiple aspects. These aspects
include inventions directed to compounds, pharmaceutical
formulations, methods of treating a condition, enhancing an
effect, increasing the production of a cytokine and/or
chemokine, decreasing the production of a cytokine and/or
chemokine, increasing the release of a cytokine and/or
chemokine, decreasing the release of a cytokine and/or
chemokine, or inhibiting a phosphodiesterase.

III. Compounds

Ta.
In a first aspect, the invention is a compound of the inven-
tion. In an exemplary embodiment, the invention is a com-
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pound described herein. In an exemplary embodiment, the
compound is according to a formula described herein. In an
exemplary embodiment, the compound is a member selected
from D2, D3, D4, D5, D6, D7, D8, D9, D10, D11, D12,D13,
D14, D15, D16, D17, D18, D19, D20, D21, D22, D23, D24,
D25, D26, D27, D28, D29, D30, D31, D32, D33, D34, D35,
D36, D37, D38, D39, D40, D41, D42, D43, D44, D45, D46,
D47, D48, D49, D50, D51, D52, D53, D54, D55, D56, D57,
D58, D59, D60, D61, D62, D63, D64, D65, D66, D67, D68,
D69, D70, D71, D72, D73, D74, D75, D76, D77, D78, D79,
D80, D81, D83, D84, D85, D86, D87, D88, D89, D90, D91,
D92, D93, D94, D95, D96, D97, D98, D99, D100, D101,
D102, D103, D104, D105, D106, D107, D108, D109, D110,
D111,D112,D113,D114,D115,D116,D117, D118, D119,
D120, D121, D122,D123, D124, D125,D126, D127, D128,
D129, D130, D131, D132, D133, D134, D135, D136, D137,
D138, D139, D140, D141, D142, D143, D144, D145, D146,
D147,D148, D149, D150, D151, D152, D153, D154, D155,
D156, D157, D158, D159, D160, D161, D162, D163, D164,
D165, D166, D167, D168, D169, D170, D171, D172, D173,
D174,D175,D176,D177, D178, D179, D180, D181, D182,
D183, D184, D185, D186, D187, D188, D189, D190, D191,
D192, D193, D194, D195, D196, D197, D198, D199, D200,
D201, D202, D203, D204, D205, D206, D207, D208, D209,
D210, D211, D212, D213, D214, D215, D216, D217, D218,
D219, D220, D221, D222, D223, D224, D225, D228 and
D229. In an exemplary embodiment, the compound is a mem-
ber selected from

In a second aspect, the invention provides a compound
having a structure according to the formula:

/OR*
Rll
NN B
Rb\[! o]
R/ ~ X/ 0

wherein R* is a member selected from H, a negative charge
and a positively charged counterion. X is a member selected
from CR% CR® and N. R? is a member selected from CN,
—C(O)NR'R?, and —C(O)OR?. R? and R¢ are members
independently selected from H, OR*, NR*R’, SR*, —S(O)
R*, —S(0),R*, —S(0),NR*R?>, —C(O)R*, —C(O)ORY,
—C(O)NR*R?, nitro, halogen, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted hetero-
cycloalkyl, substituted or unsubstituted aryl, and substituted
or unsubstituted heteroaryl, wherein each R', R?, R* and R®
are members independently selected from H, nitro, halogen,
cyano, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl, and substituted or unsubsti-
tuted heteroaryl. R® is a member selected from H and substi-
tuted or unsubstituted alkyl. There is a proviso that R* and R?,
together with the atoms to which they are attached, are
optionally combined to form a 5- to 7-membered substituted
orunsubstituted heterocycloalkyl ring. There is a proviso that
R*and R’, together with the atoms to which they are attached,
are optionally combined to form a 5- to 7-membered substi-
tuted or unsubstituted heterocycloalkyl ring. There is a pro-
viso R? and R¢ cannot both be H. There is a proviso that R“ and
R? are optionally joined to form a 5- to 8-membered ring
comprising two 0xo moieties.
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In an exemplary embodiment, X is N. In an exemplary
embodiment, X is CH. In an exemplary embodiment, X is
CR?.

In an exemplary embodiment, R* is H.

In an exemplary embodiment, at least one of R” and R°is a
member selected from F and Cl. In an exemplary embodi-
ment, at least one of R and R€ is substituted or unsubstituted
alkyl, which is a member selected from unsubstituted alkyl,
hydroxyalkyl, haloalkyl, trihaloalkyl, substituted or unsubsti-
tuted aminoalkyl, —CH,C(O)ORS, —CH,NHC(O)R®,
—CH,NR°R’, wherein each R® and R” are members inde-
pendently selected from H, substituted or unsubstituted alkyl,
substituted or unsubstituted cycloalkyl and substituted or
unsubstituted heteroaryl, with the proviso that R® and R’,
together with the atoms to which they are attached, are
optionally combined to form a 5- to 7-membered substituted
or unsubstituted heterocycloalkyl ring.

In an exemplary embodiment, R” is H. In an exemplary
embodiment, R° is H. In an exemplary embodiment, R“ is H,
and R® is a member selected from halogen, unsubstituted
alkyl, halogen substituted alkyl, unsubstituted alkoxy. In an
exemplary embodiment, R<is H, and R” is a member selected
from methyl and ethyl. In an exemplary embodiment, R°is H,
and R” is a member selected from unsubstituted C, alkyl,
unsubstituted C, alkyl, unsubstituted C, alkyl and unsubsti-
tuted C, alkyl. In an exemplary embodiment, R? is H, and R®
is trifluoromethyl. In an exemplary embodiment, R is H, and
R?is a member selected from methoxy, ethoxy, unsubstituted
C; alkoxy, unsubstituted C, alkoxy, unsubstituted C alkoxy
and unsubstituted C, alkoxy.

In an exemplary embodiment, at least one of R” and R°is a
member selected from —CH,C(O)OR®, —CH,NHC(O)R®,
—CH,NR°R’, wherein each R® and R” are members inde-
pendently selected from H, methyl, trifluoromethyl, ethyl,
propyl, butyl, t-butyl, —C(O)H, wherein R® and R7, together
with the together with nitrogen to which they are attached, are
optionally combined to form a member selected from 4-me-
thylpiperazinyl, piperidinyl, morpholino and pyrrolidinyl.
In an exemplary embodiment, at least one of R? and R€ is
methyl, trifluoromethyl,

—CH;0H, —CILN(CHz)p, (HzCHLN ,

J
ST

CHNHy 44

>

H;CH,C(O)CH,C

In an exemplary embodiment, at least one of R” and R°is a
member selected from —OR*, —C(O)R* —C(O)OR* and
—C(O)NR*R®, wherein each R* and R’ are members inde-
pendently selected from H, methyl, ethyl, methoxyethyl,
cyclopropyl, —CH,C(O)OR®, —CH,C(O)NR®R?, 2-(dim-
ethylamino)ethyl, 2-pyridinylmethyl, 2-(4-cyano)pyridinyl,
with the proviso that R® and R®, together with the atoms to
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which they are attached, are optionally combined to form a 5-
to 7-membered substituted or unsubstituted heterocycloalkyl
ring.

In an exemplary embodiment, at least one of R® and R€is a

member selected from —OH, —OCH,;, —OCH,CH,;,
—OCH,CH,0OCH;, —OCH,C(O)OH, —OCH,C(0O)
OCH,CH;, —OCH,C(0)OC(CH,),, —C(O)OCH,, —C(0O)
OH, —C(O)H,

00—
——OCH,C(O)N(CH,CHjs),, % s
ﬁ‘/\oﬁlﬁ

0 . ,
o) =
~ \H}i& » | “r
O \N ©

In an exemplary embodiment, at least one of R” and R°is a
member selected from F, Cl, methyl, trifluoromethyl,

—CH,OH, —CH,N(CH,),, —OH, —OCH,, —OCH,CH,, *

—OCH,CH,0CH,, —OCH,C(O)OH, —OCH,C(O)
OCH,CH,, —OCH,C(0)OC(CH,),, —C(0)OCH,, —C(O)
OH, —C(O)H, —OCH,C(O)N(CH,CH,).,

(H3C)N
o\) H3CN\)
"
)]\ CH,NH, H3CH2C(O)CH2C}1LL

H ar
~J.0

O
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-continued
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In an exemplary embodiment, the compound has a struc-
ture according to the formula

/OR
CN
X B,
R ﬁ \o
Iy
R/ \X/ 0

wherein X, R*, R? and R¢ are as described herein.

In an exemplary embodiment, at least one of R” and R<is a
member selected from halogen, haloalkyl, —C(O)R?,
—C(O)YOR?*, —C(O)NR*R’, —CH,C(O)OR*, —CH,NHC
(O)R* and OR*, wherein R* and R> are members indepen-
dently selected from H and substituted or unsubstituted alkyl

In an exemplary embodiment, at least one of R” and R°is a
member selected from F, Cl, methyl, trifluoromethyl,
—CH,OH, —CH,N(CH,),, —OH, —OCH,, —OCH,CHj,
—OCH,CH,0OCH,;, —OCH,C(O)OH, —OCH,C(0O)
OCH,CH,;, —OCH,C(0)OC(CH,);, —C(O)OCH,3, —C(0O)
OH, —C(O)H, —OCH,C(O)N(CH,CHs;),,

<H3C>2Nj
o H3CN\)
O \l\/\/\/’[/\/\/\l‘
J\Nj . CHNH, HscHZC<O>CHzc}771
H
04<j (\ )k/
H3CN\)

H
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-continued -continued
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| and : 20 Inan exemplary embodiment, R° is H, and R” is a member
N selected from F, Cl, methyl, trifftuoromethyl, —CH,OH,
NC —CH,N(CH,),, —OH, —OCH,, —OCH,CH;, —OCH,C
(O)OH, —OCH,CH,OCH;, —OCH,C(O)OCH,CH,,
—OCH,C(0)OC(CH;);, —C(O)OCH;, —C(O)OH,

In an exe?mplary embodiment, the compound has a struc- 25 —C(O)H, —OCH,C(O)N(CH,CH,).,
ture according to the formula:

/OR*,
NC 30
RCL/\ N o CN\)

35 O
wherein X, R*, R? and R¢ are as described herein. )J\
CHLNH,  H;CH,C(O)CH,C

In an exemplary embodiment, at least one of R” and R°is a
member selected from F, Cl, methyl, trifluoromethyl, o
—CH,OH, —CH,N(CH,),, —OH, —OCH;, —OCH,CHj, 40 "MTM

2 gl gl 2
—OCH,C(O)OH, —OCH,CH,0CH,, —OCH,C(0) o )k/o
OCH,CH,, —OCH,C(0)OC(CH,),, —C(0)OCH,, —C(0) ; //\N ;
OH, —C(O)H, —OCH,C(O)N(CH,CHs,),. H3CN\)
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o g U
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-continued
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NC Z

In an exemplary embodiment, the compound has a struc-
ture according to the formula:

OH
NC B/
LD
R T O
L~
X O

wherein X is N or CH or CR?, R? is a member selected from
halogen and substituted or unsubstituted alkyl, C(O)R*, C(O)
OR* OR* NR*R®, wherein R* and R® are members indepen-
dently selected from H, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted hetero-
cycloalkyl, substituted or unsubstituted aryl, and substituted
or unsubstituted heteroaryl, with the proviso that R* and R,
together with the atoms to which they are attached, are
optionally combined to form a 5- to 7-membered substituted
orunsubstituted heterocycloalkyl ring, and salts thereof. In an
exemplary embodiment, R? is a member selected from OR*
and NR*R®, wherein R* and R® are members independently
selected from H, substituted or unsubstituted alkyl, substi-
tuted or unsubstituted heteroalkyl, substituted or unsubsti-
tuted cycloalkyl, substituted or unsubstituted heterocy-
cloalkyl, substituted or unsubstituted aryl, and substituted or
unsubstituted heteroaryl, with the proviso that R* and R®,
together with the atoms to which they are attached, are
optionally combined to form a 5- to 7-membered substituted
or unsubstituted heterocycloalkyl ring.

In an exemplary embodiment, R? is alkyl, optionally sub-
stituted with a member selected from halogen, OR**, C(O)
OR*, NR*R*, substituted or unsubstituted heterocy-
cloalkyl or unsubstituted heteroaryl, wherein R** and R** are
independently selected from H, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted hetero-
cycloalkyl, substituted or unsubstituted aryl, and substituted
or unsubstituted heteroaryl. In an exemplary embodiment,
R**is H or unsubstituted alkyl. In an exemplary embodiment,
R*” is H or unsubstituted alkyl or C(O)H. In an exemplary
embodiment, R? is fluoro. In an exemplary embodiment, R is
chloro.

In an exemplary embodiment, R? is OH. In an exemplary
embodiment, R? is OR®, wherein R* is alkyl is optionally
substituted with at least one halogen, hydroxyl, ether, car-
boxy or ester moiety.

In an exemplary embodiment, R” is OR*, wherein R* is
unsubstituted alkyl. In an exemplary embodiment, R? is OR*,
wherein R* is unsubstituted C, or C, or C; alkyl. In an exem-
plary embodiment, R? is OR*, wherein R*is unsubstituted C,,
or C, or Cy alkyl. In an exemplary embodiment, R? is OR*,
wherein R*is methyl or ethyl or propyl or isopropyl or isobu-
tyl.

In an exemplary embodiment, R” is OR*, wherein R* is
alkyl substituted with at least one halogen. In an exemplary
embodiment, R? is OR*, wherein R* is alkyl substituted with
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one or two or three halogen(s). In an exemplary embodiment,
R?is O(CH,),,,R3!, whereinm1is 1 or2 or3 or4 or 5or 6 and
R is a methyl moiety wherein at least one of the methyl
hydrogens is substituted with a halogen. In an exemplary
embodiment, the halogen is chloro. In an exemplary embodi-
ment, the halogen is fluoro. In an exemplary embodiment, R**
is —CF,. In an exemplary embodiment, R*! is —CHF,. In an
exemplary embodiment, m1 is 1 or 2 or 3. In an exemplary
embodiment, R? is —OCH,CF,. In an exemplary embodi-
ment, R? is —OCH,CHF,.

In an exemplary embodiment, R? is —O(CH,),,,0C(O)
R* wherein m1 is a number selected from 1 or 2 or 3 or 4 or
5 or 6and R*“is unsubstituted alkyl. In an exemplary embodi-
ment, m1 is 1 or 2 or 3. In an exemplary embodiment, m1 is
2.Inan exemplary embodiment, R*¢is unsubstituted C, or C,
or C, alkyl. In an exemplary embodiment, R*/ is unsubsti-
tuted C,, or C, or C4 alkyl. In an exemplary embodiment, R*¢
is methyl. In an exemplary embodiment, R? is —O(CH.,),OC
(O)CH,.

In an exemplary embodiment, R? is —O(CH,),,, C(O)R*,
wherein m1 is a number selected from 1 or2 or3 or4 or 5 or
6 and R*” is unsubstituted alkyl. In an exemplary embodi-
ment, m1 is 2 or 3 or 4. In an exemplary embodiment, m1 is
3.Inan exemplary embodiment, R*¢is unsubstituted C, or C,
or C; alkyl. In an exemplary embodiment, R* is unsubsti-
tuted C,, or C; or C4 alkyl. In an exemplary embodiment, R*¢
is methyl. In an exemplary embodiment, R? is —O(CH,),C
(O)CH,.

In an exemplary embodiment, R? is —O(CH,),,,C(O)
OR*, wherein m1 is a number selected from 1 or 2 or 3 or 4
or 5 or 6 and R* is H or unsubstituted alkyl. In an exemplary
embodiment, R? is —OCH,C(O)OR*/, wherein R* is as
described herein. In an exemplary embodiment, R*? is H or
methyl or ethyl or t-butyl. In an exemplary embodiment, R? is
—O(CH,)C(O)OCH,CH; or —O(CH,)C(O)OH or
—O(CH,)C(O)OC(CHs;);.

In an exemplary embodiment, R” is OR*, wherein R* is
alkyl substituted with a substituted or unsubstituted amino. In
an exemplary embodiment, R? is —O(CH,), ,C(O)NR*R*,
wherein m?2 is a number selected from 1 or2 or3 or4 or 5 or
6, and R* and RY are independently selected from H or
unsubstituted alkyl, or R* and RY, together with the nitrogen
to which they are attached, are optionally joined to form a
substituted or unsubstituted 4 to 8 membered ring.

In an exemplary embodiment, R? is —OCH,C(O)
NR*R¥, wherein R*® and R* are as described herein. In an
exemplary embodiment, R*® and R are the same and are
independently selected unsubstituted alkyl. In an exemplary
embodiment, R* and RY are different and are independently
selected unsubstituted alkyl. In an exemplary embodiment,
R* is H. In an exemplary embodiment, R¥'is H. In an exem-
plary embodiment, R** and R are ethyl. In an exemplary
embodiment, R* and R¥, together with the nitrogen to which
they are attached, are joined to form piperazinyl, either
unsubstituted or substituted with unsubstituted alkyl on the
nitrogen at the 4-position. In an exemplary embodiment, R*
and R, together with the nitrogen to which they are attached,
are joined to form N-methyl piperazinyl. In an exemplary
embodiment, R* and RY, together with the nitrogen to which
they are attached, are joined to form piperidinyl, either unsub-
stituted or substituted with unsubstituted alkyl. In an exem-
plary embodiment, R*® and R¥, together with the nitrogen to
which they are attached, are joined to form 4-methyl piperidi-
nyl. In an exemplary embodiment, R* and RY, together with
the nitrogen to which they are attached, are joined to form
unsubstituted morpholinyl.
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In an exemplary embodiment, R” is OR*, wherein R* is
unsubstituted alkyl. In an exemplary embodiment, R*is C, or
C,orC;orC,orCsor Cgalkyl. Inan exemplary embodiment,
R* is C, alkyl. In an exemplary embodiment, R” is OR*,
wherein R* is alkyl substituted with unsubstituted pyridinyl.
In an exemplary embodiment, R is

x

Z
N (CH2)m3—0

wherein m3 is 1 or 2 or 3 or 4 or 5 or 6. In an exemplary
embodiment, m3 is 1.

In an exemplary embodiment, R” is OR*, wherein R* is
substituted or unsubstituted cycloalkyl. In an exemplary
embodiment, R? is OR®* wherein R* is unsubstituted
cycloalkyl. In an exemplary embodiment, R? is OR*, wherein
R*is cyclopenyl. In an exemplary embodiment, R* is unsub-
stituted cyclohexyl.

In an exemplary embodiment, R” is OR*, wherein R* is
alkyl substituted with unsubstituted alkoxy. In an exemplary
embodiment, R” is —O(CH.,),,;OR?°, whereinm5 is 1 or 2 or
3 or 4 or 5 or 6 and R*® is H or unsubstituted alkyl or unsub-
stituted tetrahydropyran. In an exemplary embodiment, R*°is
C, or C, or C; or C, or Cs or Cq4 alkyl. In an exemplary
embodiment, m5 is 1 or 2 or 3. In an exemplary embodiment,
m5 is 2. In an exemplary embodiment, R>®is C, or C, or C,
alkyl. In an exemplary embodiment, R*° is C, or C5 or Cq
alkyl. In an exemplary embodiment, R*° is H. In an exemplary
embodiment, R*° is methyl or isopropyl. In an exemplary
embodiment, R*® is 2-tetrahydropyran. In an exemplary
embodiment, R? is —O(CH,),OC(CH,), or —O(CH,),0OH
or —O(CH,),O-THP (TetraHydroPyran).

In an exemplary embodiment, R” is OR*, wherein R* is
alkyl substituted with unsubstituted cycloalkyl. In an exem-
plary embodiment, R” is —O(CH,),,sOR>, wherein m5 is 1
or2or3or4or5or6and R* is a 3-8 membered cycloalkyl.
In an exemplary embodiment, R*® is a 3-6 membered
cycloalkyl. In an exemplary embodiment, R>® is a member
selected from cyclopropyl and cyclopentyl. In an exemplary
embodiment, m5 is 1 or 2 or 3. In an exemplary embodiment,
m5is 1.

In an exemplary embodiment, R” is C(O)R*, wherein R* is
unsubstituted alkyl. In an exemplary embodiment, R*is C, or
C,orC;orC,orCsor Cgalkyl. Inan exemplary embodiment,
R*is C, alkyl. In an exemplary embodiment, R? is C(O)H. In
an exemplary embodiment, R? is C, or C, or C; or C, or C5 or
C, alkyl. In an exemplary embodiment, R? is C, alkyl. In an
exemplary embodiment, R? is alkyl substituted with halogen.
In an exemplary embodiment, R? is alkyl substituted with at
least one halogen. In an exemplary embodiment, R is alkyl
substituted with at least one fluoro. In an exemplary embodi-
ment, R? is CF,.

In an exemplary embodiment, R is alkyl substituted with
hydroxy. In an exemplary embodiment, R” is —(CH,),,,OH,
wherein m4 is a number selected from 1 or2 or 3 or 4 or 5 or
6. In an exemplary embodiment, m4 is 1.

In an exemplary embodiment, R is alkyl substituted with
carboxy or ester. In an exemplary embodiment, R” is
—(CH,),,;C(O)OR**, whereinm1 is a number selected from
1 or2or3or4or5or6and R* is H or unsubstituted alkyl.
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In an exemplary embodiment, R” is —CH,C(O)OR™,
wherein R* is as described herein. In an exemplary embodi-
ment, R*® is H or methyl or ethyl or t-butyl.

In an exemplary embodiment, R? is alkyl substituted with
amino. In an exemplary embodiment, R® is
—(CH,),,,NR**R*? wherein m7 is a number selected from 1
or2or3or4 or 5 or 6 and R* and R*” are members indepen-
dently selected from H and unsubstituted alkyl and formyl, or
R* and R*, together with the nitrogen to which they are
attached, are optionally joined to form a substituted or unsub-
stituted 4 to 8 membered ring. In an exemplary embodiment,
R* is as described herein, R* is H. In an exemplary embodi-
ment, R* is as described herein, R*? is H. In an exemplary
embodiment, R*” is as described herein, R** is methyl. In an
exemplary embodiment, R* is as described herein, R*” is
methyl. In an exemplary embodiment, m7 is 1. In an exem-
plary embodiment, R** and R*?, together with the nitrogen to
which they are attached, are joined to form piperazinyl, either
unsubstituted or substituted with unsubstituted alkyl on the
nitrogen at the 4-position. In an exemplary embodiment, R**
and R*, together with the nitrogen to which they are attached,
are joined to form N-methyl piperazinyl. In an exemplary
embodiment, R** and R**, together with the nitrogen to which
they are attached, are joined to form piperidinyl, either unsub-
stituted or substituted with unsubstituted alkyl. In an exem-
plary embodiment, R** and R**, together with the nitrogen to
which they are attached, are joined to form 4-methyl piperidi-
nyl. In an exemplary embodiment, R** and R**, together with
the nitrogen to which they are attached, are joined to form
unsubstituted morpholinyl.

In an exemplary embodiment, R? is NH,. In an exemplary
embodiment, R? is NR*R> wherein R* is a member selected
from H and unsubstituted alkyl, and R® is a member selected
from substituted or unsubstituted alkyl, substituted or unsub-
stituted heteroalkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted het-
eroaryl. In an exemplary embodiment, R” is NR*R>, R* is as
described herein, R is unsubstituted alkyl. In an exemplary
embodiment, R? is NR*R>, wherein R*is H, R® is as described
herein. In an exemplary embodiment, R” is NR*R>, wherein
R* is unsubstituted alkyl, R® is as described herein. In an
exemplary embodiment, R? is NR*R®, wherein R’ is as
described herein, R* is unsubstituted C, or C, or C, or C, or
C; or C, alkyl. In an exemplary embodiment, R? is NR*R>,
wherein R* is unsubstituted C, or C, or C, alkyl and R® is as
described herein. In an exemplary embodiment, R? is NR*R>,
wherein R* is methyl and R is as described herein. In an
exemplary embodiment, R® is NR*R®, wherein R* is as
described herein R? is unsubstituted C, or C, or C; 0r C, or Cs
or C4 alkyl. In an exemplary embodiment, R” is NR*R®,
wherein R’ is a member selected from methyl and tert-butyl,
and R*is as described herein.

In an exemplary embodiment, R? is NR*R®, wherein R* is
as described herein, R” is alkyl, substituted with a member
selected from OH, unsubstituted arylalkoxy, unsubstituted
alkoxy, and unsubstituted aryl. In an exemplary embodiment,
R? is NR*R*®, wherein R® is —(CH,),,.Ph.

In an exemplary embodiment, R” is NR*R>, wherein R® is
—(CH.,),,sOR?®, wherein m8 is a number selected from 1 or
2 or 3 or 4 or 5 or 6 and R?® is a member selected from H,
unsubstituted or arylsubstituted C, or C, or C; or C, or C5 or
C,alkyl. In an exemplary embodiment, m8is 1 or2 or 3. Inan
exemplary embodiment, m8 is 2. In an exemplary embodi-
ment, R?® is unsubstituted C, or C, or C, or C, or Cs or Cg
alkyl. In an exemplary embodiment, R*® is methyl. In an
exemplary embodiment, RS is benzyl. In an exemplary
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embodiment, R? is NR*R>, wherein R* is as described herein,
R’ is —(CH,),,sO(CH,), ,Ph, wherein m8 and m9 are each
independently selected from 1 or2 or 3 or 4 or 5 or 6. In an
exemplary embodiment, R” is NR*R®, wherein R* is as
described herein R® is —(CH,),,O(CH,)  ,Ph, wherein m8
and m9 are each independently selected from 1 or2 or 3. Inan
exemplary embodiment, R” is NR*R®, wherein R* is as
described herein, R® is —(CH,),,;O(CH,)Ph. In an exem-
plary embodiment, R? is NR*R®, wherein R* is as described
herein R® is —(CH,),0O(CH,),,oPh. In an exemplary embodi-
ment, R? is NR*R®, wherein R* is as described herein R is
—(CH,),O(CH,)Ph.

In an exemplary embodiment, R? is a member selected
from —NH(CH,),OH, —NH(CH,),OCH,, —NHCH,,
—NHC(CH;);, —NH(CH,)Ph, —NH(CH,),O(CH,)Ph.

In an exemplary embodiment, R? is a member selected

from —N(CH,),, —N(CH,)(CH,),0OH, —N(CH,)
(CH,),OCH,, —NHCH,, —NHC(CH,),, —NH(CH,)Ph,
— NH(CH,),0(CH,)Ph.

In an exemplary embodiment, R? is —NR*R®, wherein R*
and R®, together with the nitrogen to which they are attached,
are joined to form a substituted or unsubstituted 4 to 8 mem-
bered ring. In an exemplary embodiment, the only non-car-
bon atom which forms the ring is the nitrogen to which R* and
R’ are attached. In an exemplary embodiment, R? is
—NR*R®, wherein R* and R®, together with the nitrogen to
which they are attached, are joined to form a member selected
from substituted or unsubstituted pyrrolidinyl and substituted
or unsubstituted piperidinyl. In an exemplary embodiment,
R?is—NR*R®, wherein R* and R®, together with the nitrogen
to which they are attached, are joined to form a member
selected from unsubstituted pyrrolidinyl and unsubstituted
piperidinyl. In an exemplary embodiment, the only non-car-
bon atom which forms the ring is nitrogen. In an exemplary
embodiment, the ring contains one nitrogen atom and one
oxygen atom. In an exemplary embodiment, the ring contains
one nitrogen atom and one oxygen atom. In an exemplary
embodiment, R? is —NR*R®, wherein R* and R®, together
with the nitrogen to which they are attached, are joined to
form substituted or unsubstituted morpholinyl. In an exem-
plary embodiment, R” is —NR*R®, wherein R* and R>,
together with the nitrogen to which they are attached, are
joined to form unsubstituted morpholinyl.

In an exemplary embodiment, the compound has a struc-
ture according to the following formula:

/OH,
NC
B
= \
O
=
R? N (o)

and salts thereof, wherein R? is as described herein.

In an exemplary embodiment, the compound has a struc-
ture according to the following formula:

/OH,
CN
/Ej /@il}
0
P
R® N (¢}

and salts thereof, wherein R? is as described herein.
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In an exemplary embodiment, the compound has a struc-
ture according to the following formula:

/OH,
NC]CIL N
0
R® = (o]

and salts thereof, wherein R? is as described herein.

In an exemplary embodiment, the compound has a struc-
ture according to the following formula:

/OH,
NC R?
LD
0
Z
N 0

and salts thereof, wherein R? is as described herein.

In an exemplary embodiment, the compound has a struc-
ture according to the following formula:

/OH,
NC
B
() )
O
)\
R? N 0
and salts thereof, wherein R? is as described herein.

In an exemplary embodiment, the compound has a struc-
ture according to the following formula:

/OH,
NC .
N\
O
R? 0
and salts thereof, wherein R? is as described herein.

In an exemplary embodiment, the compound has a struc-
ture according to the following formula:

OH,
CN B/
0
0
R® 0

and salts thereof, wherein R? is as described herein.

In an exemplary embodiment, the compound has a struc-
ture according to the following formula:
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-continued
OH, OR*
Ne B/ NC B/
) Jgn
0 5 0
o o} 0
R? )K/O
HO
10
and salts thereof, wherein R? is as described herein. OR*,
In an exemplary embodiment, the compound is a member NC B
selected from D46, D86, D99, D100, D107, D108, D114, \O
D122,D125,D126,D127,D128,D131, D140 and D141, and
salts thereof. In an exemplary embodiment, the compound is 13 O O
amember selected from D95, D96, DI7, D102, D110, D111, )k/o
D113, D115, D121, D129, D130, D132, and salts thereof. In H;CH,CO

an exemplary embodiment, the compound is a member
selected from D47, D109, D116, D118, D119, D120, D123,

. 20 OR*,
and salts thereof. In an exemplary embodiment, the com-

/
NC
pound is a member selected from D98, D101, D106, and salts B\
thereof. In an exemplary embodiment, the compound is a O
member selected from D11, D12, D37, D38, D39, D40, D41, o o

)j\/o

D42,D43, D124, D142, D143, D146, and salts thereof. Inan 5
exemplary embodiment, the compound is a member selected

from D14, D15, D16, D17, D28, D29, D30, D31, D133, (HsC),CO
D134, D135, D144, D145, D147, and salts thereof. /OR*,
In an exemplary embodiment, the compound has a struc- NC B
ture which is a member selected from 30 \O
H;CH,CO
D
OR*
’ (@]
NC B/ .
\ 35 /OR ,
0 NC B
oY
ClL O O
(H3C);CO
D
OR*, 40
NC S 0
\ /OR*,
O NC .
H,C 0 \o
OR*, 45
NC B/ H;CO,C o
\ OR*,
O
FsC 0 S0 9
OR*,
NC B/ 0 0
\ J e
o] P
HO O 55 )
OR*,
NC B/ OR*,
\ NC B/
O \O
H,CO 0 60

« { ]
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OR*,
NC
B
O
O
N
ISRe
(@]
OR*,
NC
H;CN B
O
N
M
(@]
OR*,

OR*,
NC B/
:©\ @
0
HO,C O
OR*,
NC B/
/@:)
0
O
Cl
OR*,
NC B/
/@i)
0
O
oH
OR*,
NC B/
//[::::I::4>
0
O
OMe
OR*,
NC B/
//[::::I::q>
0
O
CHO

NC B/
0
(6]

D\ O
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-continued

WS)JCD

(H3C)N
OR*
NC B/
J@ .
O
O
J
O
H3CN

NC B/
ISy
0
A
H
OR*
NC 4
0
0
Q\O

CH,NH,

R*,

NC B/
Jgn
@]
\(;\ O
//\\\//O

poles)
O

R*
>
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-continued
/OR*,
NC .
\
O
7 o
S o Ha
N
/OR*
NC 5
6} and
H;CH,C(O)CH,C 0
/OR*,
NC B
\
O
H;COH,CH,CO 0

wherein R* is as defined herein.

In an exemplary embodiment, the compound has a struc-
ture according to the formula:

OR*,

wherein R?, X, R*, R? and R€ are as described herein.

In an exemplary embodiment, R is H. In an exemplary
embodiment, R® is unsubstituted alkyl. In an exemplary
embodiment, R is methyl. In an exemplary embodiment, R>
is C, alkyl. In an exemplary embodiment, R is C; alkyl. Inan
exemplary embodiment, R® is C, alkyl. In an exemplary
embodiment, R* is C, alkyl. In an exemplary embodiment, R>
is C alkyl.

In an exemplary embodiment, at least one of R® and R€is a
member selected from —C(O)NR*R’®, —C(O)OR*, —CH,C
(O)OR* —CH,NHC(O)R*and OR* wherein each R*and R’
is a member independently selected from H, substituted or
unsubstituted alkyl, substituted or unsubstituted cycloalkyl
and substituted or unsubstituted heteroaryl.

In an exemplary embodiment, at least one of R” and R°is a
member selected from F, Cl, methyl, trifluoromethyl,
—CH,OH, —CH,N(CH,),, —OH, —OCH,, —OCH,CHj,
—OCH,C(0)OH, —OCH,C(O)OCH,CH,, —OCH,C(0O)
OC(CH,;);, —C(0O)OCH;, —C(0O)OH, —C(O)H, —OCH,C

(O)N(CH,CH,),,
(H3C)2Nj (\Nr (\N
o\) H3CN\)
I
)I\ CH,NI, H3CH2C(O)CH2C;LLL'

H N
H

w
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-continued

0
NWK\O}%\ ; \N/\/O ;
I |
Z
\/O\’% |
> ™ (0] >
o N
\I\J\IV]I\IV\I‘
x

NC

In an exemplary embodiment, the compound has a struc-
ture according to the formula:

/OR*,
3
COR A B
Rb\i o
/
" X 0

wherein R?, X, R*, R? and R€ are as described herein.

In an exemplary embodiment, at least one of R” and R°is a
member selected from —C(O)NH,, —OH, —OCH;, cyclo-
propyloxy and 4-cyanopyridin-2-yloxy.

In an exemplary embodiment, the compound has a struc-
ture according to the formula:

OR*
COOR? N B/
R \o
P
X ¢}
RC

wherein R?, X, R* are as described herein, and at least one of
R? and R¢ is a member selected from F, Cl, methyl, trifluo-
romethyl, —CH,OH, —CH,N(CH,),, —OH, —OCH;,
—OCH,CH,;, —OCH,C(0)OH, —OCH,C(O)OCH,CHj;,
—OCH,C(0)OC(CH;);, —C(O)OCH;, —C(O)OH,
—C(O)H, —OCH,C(O)N(CH,CH,),,
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Q g

O vvj/vw
)]\ CH,NH, H3CH2C(O)CH2C;77~L

NC

In an exemplary embodiment, the compound has a struc-
ture according to the formula:

COOR? /OR*’
B
£, 00
|
/%7 o
RC

wherein R?, X and R* are as described herein, and at least one
of R? and R¢ is a member selected from —C(O)NR*R”,
—C(0)OR*, —CH,C(O)OR*, —CH,NHC(O)R* and OR*,
wherein each R* and R® is a member independently selected
from H, substituted or unsubstituted alkyl, substituted or
unsubstituted cycloalkyl and substituted or unsubstituted het-
eroaryl.

In an exemplary embodiment, the compound has a formula
which is a member selected from
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OR
HOOC B/
/<I>
0
0
COOCH,CH;
COOCH,CH;
OCH;
COOCH,CH;

QQ@

H;C0,C B/
/©i>
0
0
F
OR’
H;CH,CO,C B/
/@)
0
0
F
OR
H;CO,C F B/
/<ji>
0
0
H;CH,CO,C
c1: : ~0” : )
H;CH,CO,C ; :
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-continued

@]

OR*,
H;CH,CO,C

Q
; w
O/ ~

OR*,
H;CH,CO,C

Q
; w
O/\

5

@]

OR*,
H;CH,CO,C

m E é
O 5]
w
ol

OR*,

(H3C),HCO,C

) :
]
; w
O/\

OR*,
H;CH,CO,C

e
2

H;CO
OR¥,
H;CH>CO5C N cl B/
| AN
0
Z
N 0
OR¥,
H;CO,C B/
AN \
| o
P
H;CO,C N 0

OR*,
H;CH,CO,C

@

H;CH,CO N
COOCH,CH;

QOL

N
NC Z

w
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O
OR*,
/
B
EtO \
O
O

CF;

wherein R* is as defined herein.

In an exemplary embodiment, the compound has a formula
which is a member selected from

H,NOC
H3CO(O)C: : ~0” : “

wherein R* is as described herein.
1IIb. Soft Drugs

Soft drugs (or ante-drugs) are therapeutic agents that
undergo predictable metabolism to inactive metabolites after
exerting their therapeutic effect. Hence, they are obtained by
building into the molecule, in addition to the activity, the most
desired way in which the molecule is to be deactivated and
detoxified.

In a third aspect, the invention provides an oxaborole
which comprises an ester attached to its 5-position moiety.
These 5-position oxaborole esters are metabolically stable in
topical applications (such as the skin or nail) and exert their
therapeutic action. The 5-position oxaborole ester is then
hydrolyzed by an esterase. Esterases are classified broadly as
cholinesterases (including acetylcholinesterases), carboxy-
lesterases and arylesterases. The mechanism involved fol-
lows the general formula:

O O
esterase
)k R + H20 —— +
o2
Ry O Ry OH

R,—OH

Highly variable esterase activity is present in a wide variety of
organs, tissues and body fluids. After hydrolysis, the 5-posi-
tion oxaborole ester is converted into a S-position oxaborole
acid, which is largely inactive and non-toxic if any drug
penetrates the skin and reaches systemic circulation. This
so-called soft-drug approach improves the therapeutic index
of 5-position oxaborole bioactive compounds.

In a third aspect, the invention provides a compound hav-
ing a structure according to the formula:
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RI12
/OR*
11
R B
\
0
R0
R0 R* R?

wherein R* is a member selected from H, a negative charge
and a positively charged counterion. R* and R* are members
independently selected from H, cyano, substituted or unsub-
stituted alkyl, substituted or unsubstituted heteroalkyl, sub-
stituted or unsubstituted cycloalkyl, substituted or unsubsti-
tuted heterocycloalkyl, substituted or unsubstituted aryl, and
substituted or unsubstituted heteroaryl. R, R*°, R*! and R*?
are members independently selected from H, OR?,
NR2°R?!, SR?°, —S(O)R?*°, —S(0),R*°, —S(0),NR*°R*!,
nitro, halogen, cyano, substituted or unsubstituted alkyl, sub-
stituted or unsubstituted heteroalkyl, substituted or unsubsti-
tuted cycloalkyl, substituted or unsubstituted heterocy-
cloalkyl, substituted or unsubstituted aryl, and substituted or
unsubstituted heteroaryl. Each R*® and R*! are members
independently selected from H, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted hetero-
cycloalkyl, substituted or unsubstituted aryl, and substituted
or unsubstituted heteroaryl. R> and R*, together with the
atoms to which they are attached, are optionally joined to
form a 4 to 7 membered ring. R® and R*°, together with the
atoms to which they are attached, are optionally joined to
form a 4 to 7 membered ring. R'° and R*!, together with the
atoms to which they are attached, are optionally joined to
form a 4 to 7 membered ring. R'* and R'?, together with the
atoms to which they are attached, are optionally joined to
form a 4 to 7 membered ring. R*° and R*', together with the
atoms to which they are attached, are optionally joined to
form a 4 to 7 membered ring. There is a proviso that R'°
comprises a moiety having the structure according to the
formula:

RZ0

wherein R?? is a member selected from H, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted cycloalkyl, substituted or unsub-
stituted heterocycloalkyl, substituted or unsubstituted aryl,
and substituted or unsubstituted heteroaryl.

In an exemplary embodiment, there is the proviso that the
compound is not

OR*.
B
N\
o

R?20
Y\O

¢}

50

In an exemplary embodiment, there is the proviso that the
compound is not

5 OR*.

/
B
\
o}
EtO
Y\O
10
o}

In an exemplary embodiment, R** is H. In an exemplary
embodiment, R** is a member selected from substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted cycloalkyl, substituted or unsub-
stituted heterocycloalkyl, substituted or unsubstituted aryl,
and substituted or unsubstituted heteroaryl. In an exemplary
embodiment, R** is a member selected from substituted or
unsubstituted alkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted aryl, and substituted or unsubsti-
tuted heteroaryl.

In an exemplary embodiment, there is the proviso that at
least one member selected from R'® and R'! must comprise a
moiety having the structure according to the formula:

30
R??0

In an exemplary embodiment, R*? is a member selected from
substituted or unsubstituted methyl, substituted or unsubsti-
tuted ethyl, substituted or unsubstituted propyl, substituted or
unsubstituted isopropyl, substituted or unsubstituted butyl.

In an exemplary embodiment, the compound has a struc-
ture which is a member selected from:

35

40
OR*
RH\Q—_-\‘ B/
43 RS 4 Y \o
AN

whereinY is a member selected from S and O; A is a member
selected from substituted or unsubstituted aryl and substi-
tuted or unsubstituted heteroaryl; R%, R® and R° are members
independently selected from H, OR?°, NR*°R*!, SR*,
—S(O)R?*®, —S(0),R*°, —8(0),NR*R*!, —C(O)R*,
—C(O)NR*°R?!, —C(O)OR??, nitro, halogen, substituted or
unsubstituted alkyl, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted cycloalkyl, substituted or unsub-
stituted heterocycloalkyl, substituted or unsubstituted aryl,
and substituted or unsubstituted heteroaryl, wherein each R°
and R*' are members independently selected from H, nitro,
halogen, cyano, substituted or unsubstituted alkyl, substi-
tuted or unsubstituted heteroalkyl, substituted or unsubsti-
tuted cycloalkyl, substituted or unsubstituted heterocy-
cloalkyl, substituted or unsubstituted aryl, and substituted or
s unsubstituted heteroaryl, with the proviso that R*® and R**,

together with the atoms to which they are attached, are

optionally combined to form a 5- to 7-membered substituted

o
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or unsubstituted heterocycloalkyl ring, with the proviso that
at least one member selected from R?, R®, R® comprises
—C(0O)OR*2.
In an exemplary embodiment, the compound has a struc-
ture which is a member selected from:

OR* and
R”\ B/
U
R“/ / O
OR*

wherein R*, R?, R?, and R¢ are as described herein.

In an exemplary embodiment, the compound has a struc-
ture which is a member selected from:

/OR*,
NC .

N\

0
0 0
Js
H;CH,CO

OR*

NC B/
g
0
0.
(H3C)3CO)K/

O
/OR*
NC B
\
@]
H;CH,CO.
A 0
[@]
/OR*,
NC B
\
@]
(H3C)3CO.
e 0
[@]

H3COZC: : ~0” : ‘
H,NOC
H3CO(O)C: : ~0” : ”
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-continued
COOCH,CH;
OH
COOCH,CH;
OCH;
COOCH,CH;
OR*,
H;CO5C B/
\
O
O
F

OR*
H3CH,CO,C B/
/©£>
0
0
F
OR*
H;C0,C F B/
@
0
0
H3CH,CO,C
c1: : ~0” : ’
H;CH,CO,C ; :

cl
OR*
H;CH,CO,C B/
/@)
0
0
F
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-continued

@]

R*,
H;CH,CO,C

[}

R*,
H;CH,CO,C

m‘Q QAQ
o == o
§ o, § (vs)
o/ ™~ o/ =

OR*,
(H3C),HCO,C

2%
2

=}

R*,
H;CH,CO,C

e
2

H;CO
OR*,
H;CH,CO,C N cl B/
| N\
0
Z
N 0
OR*,
H;CO,C B/
\ \
| o
Z
H;CO,C N 0

[}

R*,
H;CH,CO,C

o

H;CH,CO N

o

R*
COOCH,CH; ;

e}

/

\
2

NC

O
(o]
2 2/

EtO

&
2

CF;3

wherein R* is as defined herein.

In an exemplary embodiment, the compound has a struc-
ture according to the formula

54
OR*
CN R /
r\ \ /\/ B\
5 rel | 0
S N

wherein X, R*, R? and R° are as described herein, and wherein
R” is a halogen. In another exemplary embodiment, R” is
fluoro. In another exemplary embodiment, R” is chloro. In
another exemplary embodiment, the compound has a struc-
ture which is a member selected from:

10

15

OR* or
CN /
> §
20 Rb\i o]
1
=
RC/\X O
Rh
OR*
CN "
25 R’
N §
RI% o]
Z
RC/\X O
30
wherein X, R*, R%, R° and R” are as described herein. In
another exemplary embodiment, the compound has a struc-
ture which is a member selected from:
35
/OR* or
NC
AN B\
O
40 Z
X 0
Rh
45

/OR
NC R%
AN B\
O
Z
RETNX 0
% wherein X, R*, R®, R® and R” are as described herein.

In an exemplary embodiment, the compound has a struc-
ture which is a member selected from:

noVess
BoUes]

55



US 9,416,146 B2

55
-continued
OR*,
/
SO B
O \
O
O
(@]
/OR*,
B
o N\
O
(0]
O
/OR*,
MeZN\/\ B
O N\
O
O
OR*,
H;CO5C Ny B<
| 0
N/ O
OR*,
/
B
H;CO,C N \
BN ’
g O
OR* and

N
BN g
0
H;CO,C 5

O
OR*,
N J
EtO = \
| 0

F o
wherein R* is as defined herein.
1Tlc.

In a fourth aspect, the invention provides a compound
having a structure according to the formula:

OR*
AN B/

R{j\ /©:/\ g
X/ 0

wherein R* is a member selected from H, a negative charge
and a positively charged counterion, X is CH or N, and R¥is
aminosubstituted alkyl.

In an exemplary embodiment, RY is —(CR'®
R'Y) NR'?R™ in which n is a member selected from 1-10,
and R'°, R, R'? and R'® are members independently
selected from H, OR'™, NR'R!°, SR'*, —S(O)R',
—S(0),R", —S(0),NR"R", —C(O)R", —C(O)OR"™,
—C(O)NR'R"?, nitro, halogen, substituted or unsubstituted
alkyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted hetero-
cycloalkyl, substituted or unsubstituted aryl, and substituted
or unsubstituted heteroaryl wherein each R'* and R'® are
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members independently selected from H, nitro, halogen,
cyano, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl, and substituted or unsubsti-
tuted heteroaryl.

In an exemplary embodiment, R'® and R*! are H. In an
exemplary embodiment, R'? and R*? are H. In an exemplary
embodiment, n is a member selected from 1 to 5. In another
exemplary embodiment, n is a member selected from 1 to 3.
In an exemplary embodiment, n is 1.

In an exemplary embodiment, R¥ is —(CH,)—NHR'? in
which n is a member selected from 1-10, and R'? is a member
selected from H, OR'™, NR'R'°, SR'¥, —S(O)R'™,
—S(0),R", —S(0),NR"R">, —C(O)R", —C(O)OR"™,
—C(O)NR'™R"?, wherein each R'* and R'*> are members
independently selected from H, nitro, halogen, cyano, substi-
tuted or unsubstituted alkyl, substituted or unsubstituted het-
eroalkyl, substituted or unsubstituted cycloalkyl, substituted
or unsubstituted heterocycloalkyl, substituted or unsubsti-
tuted aryl, and substituted or unsubstituted heteroaryl.

In an exemplary embodiment, R¥ is —(CH,)—NHR'? in
which n is a member selected from 1-10, and R'? is
—S(0),R*, wherein R'* is a member selected from H,
unsubstituted alkyl and substituted or unsubstituted aryl.

In an exemplary embodiment, R¥ is —(CH,)—NHR'? in
which n is a member selected from 1-10, and R!® is
—S(0),R*, wherein R'*is unsubstituted alkyl or substituted
or unsubstituted aryl. In an exemplary embodiment, R'* is
unsubstituted C, or C, or C; alkyl. In an exemplary embodi-
ment, R'* is unsubstituted C,, or C or Cy alkyl. In an exem-
plary embodiment, R** is C, alkyl.

In an exemplary embodiment, R¥ is —(CH,)—NHR'? in
which n is a member selected from 1-10, and R'? is
—S(0),R**, wherein R'* is substituted or unsubstituted aryl.
In an exemplary embodiment, R'* is substituted or unsubsti-
tuted phenyl. In an exemplary embodiment, R** is unsubsti-
tuted phenyl. In an exemplary embodiment, R** is phenyl
substituted with at least one halogen and/or at least one
unsubstituted alkyl. In an exemplary embodiment, R? has a
structure which is a member selected from

O
R14/_ ” \

0 (CHyy,

wherein R'*is chloro or fluoro orunsubstituted C, or C, or C,
or C, alkyl. In an exemplary embodiment, R'* is chloro or
methyl. In an exemplary embodiment, nis 1 or 2 or 3. In an
exemplary embodiment, n is 1.

In an exemplary embodiment, R has a structure which is a
member selected from

o 0
I |
S—NH ﬁ—NH
5 0

Cl ; Cl > or



US 9,416,146 B2

57

-continued

ﬁ
i |
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In an exemplary embodiment, R? is —(CH,)—NH, in
which n is a member selected from 1-10. In an exemplary
embodiment, n is 1 or 2 or 3 or 4 or 5. In an exemplary
embodiment, nis 1 or 2 or 3. In an exemplary embodiment, R?
is —CH,NH,.

In an exemplary embodiment, R¥ is —(CH,)—NHR*? in
which n is a member selected from 1-10, and R*? is unsub-
stituted cycloalkyl. In an exemplary embodiment, R'? is
unsubstituted C,;-C, cycloalkyl. In an exemplary embodi-
ment, R'? is cyclopentyl or cyclohexyl or cycloheptyl. In an
exemplary embodiment, n is 1 or 2 or 3. In an exemplary
embodiment, n is 1. In an exemplary embodiment, n is 1 and
R'?is cyclohexyl.

In an exemplary embodiment, R? is —(CH,)—NHR'? in
which n is a member selected from 1-10, and R*? is unsub-
stituted alkyl. In an exemplary embodiment, R**is C, or C, or
C, alkyl. In an exemplary embodiment, R*? is C, or C; or Cg
alkyl. In an exemplary embodiment, n is 1 or 2 or 3. In an
exemplary embodiment, nis 1. In an exemplary embodiment,
R¢is —(CH,),—NHCHj,. In an exemplary embodiment, R¥
is —(CH,)NHCHj;.

In an exemplary embodiment, R? is —(CH,)—NR'3“R*?
in which n is a member selected from 1-10, and R'® and R!3¢
are each members independently selected unsubstituted
alkyl. In an exemplary embodiment, R'* and R'>* are each
members independently selected from unsubstituted alkyl. In
an exemplary embodiment, R'* and R'*? are each members
independently selected from C, or C, or C; or C, or C5 or Cq
alkyl. In an exemplary embodiment, R'* and R'>* are each
members independently selected from C, or C, or C; alkyl. In
an exemplary embodiment, R?is —(CH,)NR'**R"3, wherein
R'? and R*3* are each members independently selected from
C, or C, or C, alkyl. In an exemplary embodiment, R is
—(CH,)N(CH,),.

In an exemplary embodiment, RY is —(CH,)—NH
(CH,),,,R*® in which n is a member selected from 1-10, nl is
amember selected from 1-10, and R*®is substituted or unsub-
stituted aryl. In an exemplary embodiment, nl is 1 or2 or 3 or
4 or 5. In an exemplary embodiment, n1 is 1. In an exemplary
embodiment, R'¢ is unsubstituted phenyl. In an exemplary
embodiment, R*¢ is phenyl optionally substituted with at least
one halogen. In an exemplary embodiment, R'® is phenyl
optionally substituted with at least one halogen. In an exem-
plary embodiment, R' is phenyl optionally substituted with
at least one chloro or fluoro or bromo. In an exemplary
embodiment, R'° is ortho-bromophenyl or meta-bromophe-
nyl or para-bromophenyl. In an exemplary embodiment, R?is
—CH,NHCH,R'®, wherein R'® is phenyl or ortho-bro-
mophenyl or meta-bromophenyl.

In an exemplary embodiment, R'® is phenyl substituted
with nitro or cyano or unsubstituted alkoxy or unsubstituted
alkyl. In an exemplary embodiment, R'® is ortho-cyanophe-
nyl or meta-cyanophenyl or para-cyanophenyl. In an exem-
plary embodiment, R'¢ is ortho-nitrophenyl or meta-nitro-
phenyl or para-nitrophenyl. In an exemplary embodiment, RY
is —CH,NHCH,R'S, wherein R'¢ is ortho-cyanophenyl or
meta-cyanophenyl or para-cyanophenyl or ortho-nitrophenyl
or meta-nitrophenyl or para-nitrophenyl.
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In an exemplary embodiment, R*® is phenyl substituted
withunsubstituted C, or C, or C, or C, or C5or Calkyl. Inan
exemplary embodiment, R*° is ortho-methylphenyl or meta-
methylphenyl or para-methylphenyl. In an exemplary
embodiment, R is —CH,NHCH,R'°, wherein R'® is ortho-
methylphenyl or meta-methylphenyl or para-methylphenyl.

In an exemplary embodiment, R'® is phenyl substituted
with unsubstituted C, or C, or C; or C, or C; or C; alkyloxy.
In an exemplary embodiment, R'® is ortho-methoxyphenyl or
meta-methyloxyphenyl or para-methoxyphenyl. In an exem-
plary embodiment, RY is —CH,NHCH,R'¢, wherein R'® is
ortho-methoxyphenyl or meta-methoxyphenyl or para-meth-
oxyphenyl.

Inan exemplary embodiment, R'®is unsubstituted C, or C,,
or C5 or C4 or C, or Cq cycloalkyl. In an exemplary embodi-
ment, R*S is unsubstituted cyclohexyl. In an exemplary
embodiment, R? is —CH,NHCH,R'®, wherein R'® is cyclo-
hexyl.

In an exemplary embodiment, R*® is unsubstituted het-
eroaryl. In an exemplary embodiment, R'¢ is unsubstituted
pyrrole. In an exemplary embodiment, RS is unsubstituted
2-pyrrole. In an exemplary embodiment, RY is
—CH,NHCH,R*®, wherein R'® is 2-pyrrole.

Inan exemplary embodiment, R'®is unsubstituted C, or C,
or C; alkyl. In an exemplary embodiment, RS is unsubsti-
tuted C,, or C or C, alkyl. In an exemplary embodiment, R? is
—CH,NHC(CH,),.

In an exemplary embodiment, R'® is phenyl substituted
with—NHC(O)—R>**, wherein R**is unsubstituted C, or C,
or C; or C, or C; or C; alkyl. In an exemplary embodiment,
R'S is phenyl substituted with —NHC(O)CHj,. In an exem-
plary embodiment, RY is —CH,NHCH,R'¢, wherein R'® is
ortho-(CH;C(O)NH-)pheny] or meta-(CH,C(O)NH-)phenyl
or para-(CH,C(O)NH-)phenyl.

In an exemplary embodiment, R is —(CH,),—NHC(O)
R'* in which n is a member selected from 1-10, wherein R**
is unsubstituted alkyl. In an exemplary embodiment, R'* is
unsubstituted C, or C, or C; alkyl. In an exemplary embodi-
ment, R'* is unsubstituted C,, or C or Cy alkyl. In an exem-
plary embodiment, R™ is methyl or ethyl or isopropyl or
t-butyl or. In an exemplary embodiment, R**is C, alkyl. Inan
exemplary embodiment, R is —(CH,)NHC(O)CH, or
—(CH,)NHC(O)CH,CH; or —(CH,)NHC(O)CH(CH,), or
—(CH,)NHC(O)C(CHs;);.

In an exemplary embodiment, R? is —(CH,),—NHC(O)
R'* in which n is a member selected from 1-10, wherein R**
is substituted or unsubstituted aryl. In an exemplary embodi-
ment, R is unsubstituted phenyl. In an exemplary embodi-
ment, R'* is phenyl, substituted with nitro or cyano or unsub-
stituted alkoxy or unsubstituted alkyl. In an exemplary
embodiment, R'*is ortho-cyanophenyl or meta-cyanophenyl
or para-cyanophenyl. In an exemplary embodiment, R** is
ortho-nitrophenyl or meta-nitrophenyl or para-nitrophenyl.
In an exemplary embodiment, R is CH,NHC(O)R,
wherein R'* is ortho-cyanophenyl or meta-cyanophenyl or
para-cyanophenyl or ortho-nitrophenyl or meta-nitrophenyl
or para-nitrophenyl.

In an exemplary embodiment, R** is phenyl substituted
withunsubstituted C, or C, or C; or C, or C; or Cgalkyl. Inan
exemplary embodiment, R'* is ortho-methylphenyl or meta-
methylphenyl or para-methylphenyl. In an exemplary
embodiment, R is —CH,NHC(O)R'*, wherein R'* is ortho-
methylphenyl or meta-methylphenyl or para-methylphenyl.

In an exemplary embodiment, R'* is phenyl substituted
with unsubstituted C, or C, or C; or C, or C; or C; alkyloxy.
In an exemplary embodiment, R'* is ortho-methoxyphenyl or
meta-methyloxyphenyl or para-methoxyphenyl. In an exem-
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plary embodiment, R? is —CH,NHC(O)R'*, wherein R'* is
ortho-methoxyphenyl or meta-methoxyphenyl or para-meth-
oxyphenyl.

In an exemplary embodiment, R'* is phenyl substituted
with a halogen. In an exemplary embodiment, R*# is chloro or
fluoro. In an exemplary embodiment, R? is —CH,NHC(O)
R'*, wherein R'* is ortho-fluorophenyl or meta-fluorophenyl
or para-fluorophenyl.

In an exemplary embodiment, R'* is phenyl substituted
with haloalkyl. In an exemplary embodiment, the halogen is
chloro or fluoro. In an exemplary embodiment, R** is phenyl
substituted with alkyl substituted with three fluorines. In an
exemplary embodiment, R'* is phenyl substituted with alkyl
substituted with two fluorines. In an exemplary embodiment,
R'*is ortho(trifluoromethyl)phenyl or meta(triftuoromethyl)
phenyl or para(triffuoromethyl)phenyl. In an exemplary
embodiment, R?is —CH,NHC(O)R'*, wherein R'*is R'* is
ortho(trifluoromethyl)phenyl or meta(trifluoromethyl)phe-
nyl or para(trifluoromethyl)phenyl.

In an exemplary embodiment, R¥ is —(CH,),—NHC(O)
(CR*R*), ;,OC(O)R* in which n is a member selected from
1-10, wherein R*° is unsubstituted alkyl, R*! is unsubstituted
alkyl, R*? is unsubstituted alkyl. In an exemplary embodi-
ment, R* or R*' or R*? are each independently selected C, or
C,orC;orC,orCsorCgalkyl. Inan exemplary embodiment,
R* or R*! or R*? are each methyl. In an exemplary embodi-
ment, n9 is 1. In an exemplary embodiment, R? is
—(CH,),—NHC(O)(C(CH,)(CH,))OC(O)R**, wherein R**
is C, or C, or C; or C, or C; or C; alkyl. In an exemplary
embodiment, R? is —(CH,),—NHC(O)(C(CH,)(CH,))OC
(O)CH,.

In an exemplary embodiment, R¥ is —(CH,),—NHC(O)
R'* in which n is a member selected from 1-10, wherein R**
is unsubstituted cycloalkyl. In an exemplary embodiment,
R'* is unsubstituted C3 or C4 or C5 or C6 or C7 or C8
cycloalkyl. In an exemplary embodiment, R'* is unsubsti-
tuted cyclopentyl or cyclohexyl.

In an exemplary embodiment, R¥ is —(CH,),—NHC(O)
R'*in which n is a member selected from 1-10, wherein R**
is unsubstituted heteroaryl. In an exemplary embodiment,
R'*is unsubstituted furan. In an exemplary embodiment, R**
is unsubstituted 2-furan.

In an exemplary embodiment, R¥ is —(CH,),—NHC(O)
OR!'*in which n is a member selected from 1-10, wherein R**
is unsubstituted alkyl. In an exemplary embodiment, R**is C,
or C, or C; or C, or C5 or Cy alkyl. In an exemplary embodi-
ment, R'*is C, alkyl. In an exemplary embodiment, R'*is a
member selected from n-butyl, isobutyl, sec-butyl and tert-
butyl. In an exemplary embodiment, R is —(CH,)NHC(O)
OR', wherein R**is C, or C, or C; or C, or C5 or C4 alkyl. In
an exemplary embodiment, R? is —(CH,)NHC(O)OC
(CHs)s.

In an exemplary embodiment, R¥ is —(CH,),—NHC(O)
NR**R**in whichn is an integer selected from 1-10, wherein
R** and R** are independently selected from H, substituted or
unsubstituted alkyl, substituted or unsubstituted cycloalkyl
and substituted or unsubstituted aryl. In an exemplary
embodiment, R** and R**, together with the nitrogen to which
they are attached, are joined to form a 3 to 8 membered ring.
In an exemplary embodiment, R** and R**, together with the
nitrogen to which they are attached, are joined to form a 4 to
7 membered ring. In an exemplary embodiment, R** and R**,
together with the nitrogen to which they are attached, are
joined to form a 5 to 6 membered ring. In an exemplary
embodiment, nis 1 or 2 or 3. In an exemplary embodiment, R?
is
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In an exemplary embodiment, R is —(CH,),—NHC(O)
NHR* in which n is an integer selected from 1-10, wherein
R*is substituted or unsubstituted alkyl, substituted or unsub-
stituted cycloalkyl and substituted or unsubstituted aryl. In an
exemplary embodiment, R* is unsubstituted aryl. In an
exemplary embodiment, R** is unsubstituted phenyl. In an
exemplary embodiment, R** is aryl, substituted with unsub-
stituted alkyl. In an exemplary embodiment, R** is aryl, sub-
stituted with unsubstituted C, or C, or C; alkyl. In an exem-
plary embodiment, R** is aryl, substituted with unsubstituted
C, or Cs or Cy alkyl. In an exemplary embodiment, R** is
phenyl, substituted with unsubstituted C, or C, or C; alkyl. In
an exemplary embodiment, R** is ortho methylphenyl or
meta methylphenyl or para methylphenyl. In an exemplary
embodiment, R¥ is —(CH,)NHC(O)NHR**, wherein R** is
para methylphenyl.

In an exemplary embodiment, R is —(CH,),—NHC(O)
NHR* in which n is an integer selected from 1-10, wherein
R* is aryl, substituted with unsubstituted alkylamino. In an
exemplary embodiment, R* is aryl, substituted with
NR*°R>!, wherein R*® and R®' are each independently
selected from H and unsubstituted alkyl. In an exemplary
embodiment, R** is phenyl, substituted with NR*°R>!,
wherein R>° and R*! are each independently selected from C,
or C, or C; or C, or C; or Cy alkyl. In an exemplary embodi-
ment, R** is phenyl, substituted with NR*°R>!, wherein R>°
and R>! are each independently selected from C, or C, or C,
alkyl. In an exemplary embodiment, R** is ortho (NR*°R’!)
phenyl or meta (NR>°R>")phenyl or para (NR*°R>!)phenyl.
In an exemplary embodiment, R>° is C, or C, or C; alkyl. In
an exemplary embodiment, R*>! is C, or C, or C, alkyl. In an
exemplary embodiment, R*® is C, or C, or C, alkyl. In an
exemplary embodiment, R** is phenyl, substituted with
N(CH,),. In an exemplary embodiment, R¥ is —(CH,)NHC
(O)NHR™, wherein R** is para(N(CH,),)phenyl.

In an exemplary embodiment, R is —(CH,),—NHC(O)
(CH,),, ;,oNR**R**in which nis an integer selected from 1-10,
n10is an integer selected from 1-10, wherein R** and R** are
independently selected from H, substituted or unsubstituted
alkyl, substituted or unsubstituted cycloalkyl and substituted
or unsubstituted aryl. In an exemplary embodiment, R** and
R*, together with the nitrogen to which they are attached, are
joined to form a 3 to 8 membered ring. In an exemplary
embodiment, R** and R**, together with the nitrogen to which
they are attached, are joined to form a 4 to 7 membered ring.
In an exemplary embodiment, R** and R**, together with the
nitrogen to which they are attached, are joined to form a 5 to
6 membered ring. In an exemplary embodiment, nis 1 or 2 or
3. In an exemplary embodiment, n10 is 1 or 2 or 3. In an
exemplary  embodiment, R is —(CH,NHC(O)
(CH,),, (NR¥R**

In an exemplary embodiment, R? is —(CH,),—NHC(O)
NHR* in which n is an integer selected from 1-10, wherein
R* is aryl, substituted with halogen. In an exemplary
embodiment, R** is phenyl, substituted with halogen. In an
exemplary embodiment, R**is ortho (halogen)phenyl or meta
(halogen)phenyl or para (halogen)phenyl. In an exemplary
embodiment, R** is ortho (chloro)phenyl or meta (chloro)
phenyl or para(chloro)phenyl. In an exemplary embodiment,
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R** is ortho (fluoro)phenyl or meta (fluoro)phenyl or para
(fluoro)phenyl. In an exemplary embodiment, R is —(CH,)
NHC(O)NHR**, wherein R** is para(chloro)phenyl.

In an exemplary embodiment, R¥ is —(CH,),—NHC(O)
NHR** in which n is an integer selected from 1-10, wherein
R**is unsubstituted aryl. In an exemplary embodiment, R**is
unsubstituted phenyl. In an exemplary embodiment, R is
—(CH,)NHC(O)NHR**, wherein R** is unsubstituted phe-
nyl.

In an exemplary embodiment, R¥ is —(CH,),—NHC(O)
NHR** in which n is an integer selected from 1-10, wherein
R** is unsubstituted alkyl. In an exemplary embodiment, R**
is C, or C, or C; alkyl. In an exemplary embodiment, R is
—(CH,)NHC(O)NHR**, wherein R**is C,, or C or C alkyl.
In an exemplary embodiment, R? is —(CH,)NHC(O)NHR™*,
wherein R** is ethyl.

In an exemplary embodiment, R¥ is —(CH,),—NHC(O)
(CR>*R>®),, ,NR**R>? in which n is an integer selected from
1-10, n11 is an integer selected from 1-10, wherein R>? and
R>? are independently selected from H and alkyl optionally
substituted with aryl, and wherein R>* and R>* are indepen-
dently selected from H, unsubstituted alkyl, and —C(O)
OR?°, wherein R>® is unsubstituted alkyl.

In an exemplary embodiment, R? is —(CH,)NHC(O)
(CH,),,; ,NR>*R>* in which n11 is an integer selected from
1-10, and wherein R** and R’> are independently selected
from H, unsubstituted alkyl, and —C(O)OR’®, wherein R*®is
unsubstituted alkyl. In an exemplary embodiment, R is
—(CH,)NHC(O)(CH,)NHR>® and wherein R>® is —C(O)
OR?%, wherein R>® is unsubstituted alkyl. In an exemplary
embodiment, RY is —(CH,)NHC(O)(CH,)NHR>® and
wherein R*® is —C(O)OR’%, wherein R*® is C, or C, or C,
alkyl. In an exemplary embodiment, R¥ is —(CH,)NHC(O)
(CH,)NHR”® and wherein R*® is —C(O)OR?®, wherein R>®
is C, or C5 or Cg alkyl.

In an exemplary embodiment, R? is —(CH,)NHC(O)
(CH,)NR>*R>® and wherein R>* is unsubstituted alkyl, and
R>® is —C(O)OR%, wherein R>° is unsubstituted alkyl. In an
exemplary embodiment, R? is —(CH,)NHC(O)(CH,)
NR*R>® and wherein R>* is C, or C, or C; or C, or C; or Cy
alkyl, R>® is —C(O)OR’®, wherein R*®is C, or C, or C0r C,,
or C, or C, alkyl. In an exemplary embodiment, R is —(CH,)
NHC(O)(CH,)NR>*R>? and wherein R** is C, alkyl, R’ is
—C(O)OR?®, wherein R*¢is C, or C, or C; or C, or Cs or Cg
alkyl. In an exemplary embodiment, R¥ is —(CH,)NHC(O)
(CH,)NR**R>® and wherein R**is C, or C, or C, alkyl, R* is
—C(0)OR’®, wherein R>% is C; or C, or Cs alkyl. In an
exemplary embodiment, R? is —(CH,)NHC(O)(CH,)
NR**R>® and wherein R>* is C, alkyl, R> is —C(O)OR’®,
wherein R* is C, alkyl.

In an exemplary embodiment, R? is —(CH,),—NHC(O)
(CH,),,; ,NR>*R>® in which n is an integer selected from 1-10,
nl1 is an integer selected from 1-10, and wherein R>* and R>*
are independently selected from H and unsubstituted alkyl. In
an exemplary embodiment, R? is —(CH,) NHC(O)
(CH,),,; ;NH,. In an exemplary embodiment, nis 1 or 2 or 3.
In an exemplary embodiment, n11 is 1 or 2 or 3. In an exem-
plary embodiment, R is —(CH,)NHC(O)(CH,)NH,. In an
exemplary embodiment, R? is —(CH,),—NHC(O)
(CH,),,; ,NHR® in which n is an integer selected from 1-10,
nll is an integer selected from 1-10, and wherein R* is
unsubstituted alkyl. In an exemplary embodiment, R? is
—(CH,)NHC(O)(CH,)NHR?? in which R*’ is unsubstituted
alkyl. In an exemplary embodiment, R¥ is —(CH,)NHC(O)
(CH,)NHR>® in which R*>* is C, or C, or C, alkyl. In an
exemplary embodiment, R?is —(CH,)NHC(O)(CH,)NHR>*
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in which R*® is C, or C, or C, alkyl. In an exemplary embodi-
ment, R¥ is —(CH,)NHC(O)(CH,)NHCH,.

In an exemplary embodiment, R? is —(CH,),—NHC(O)
(CH,),, ,NR>*R>® in which nis an integer selected from 1-10,
nl1 is an integer selected from 1-10, and wherein R>* and R>?
are independently selected unsubstituted alkyl. In an exem-
plary embodiment, R>* and R*® are each members indepen-
dently selected from C, or C, or C; or C, or C5 or C4 alkyl. In
an exemplary embodiment, R>* and R>® are each members
independently selected from C, or C, or C; alkyl. In an exem-
plary embodiment, R is —(CH,)NHC(O)CH,)NR>*R>?,
wherein R>* and R*
selected from C, or C, or C; alkyl. In an exemplary embodi-
ment, R¥ is —(CH,)NHC(O)(CH,)N(CH,),.

In an exemplary embodiment, R? is —(CH,),—NHC(O)
(CHR??),,, ,NR*>*R”® in which n is an integer selected from
1-10, nl1 is an integer selected from 1-10, wherein R*® is

are each members independently

alkyl, and wherein R*>* and R>’ are independently selected
from H, unsubstituted alkyl, and —C(Q)OR>®, wherein R*®is
unsubstituted alkyl. In an exemplary embodiment, nis 1 or 2
or3 andnllis 1or2 or3.Inan exemplary embodiment, n is
1 and nll is 1. In an exemplary embodiment, RY is
—(CH,), NHC(O)(CHR>*) /NH, in which n is an integer
selected from 1-10, n11 is an integer selected from 1-10,
wherein R>? is alkyl. In an exemplary embodiment, R? is
—(CH,)NHC(O)CH(R’*)(NH,) in which R>? is alkyl. In an
exemplary embodiment, R>*is C, or C, orC; or C, or C5or Cy
alkyl. In an exemplary embodiment, R is C, or C, or C,
alkyl. In an exemplary embodiment, R¥ is —(CH,)NHC(O)
CH(R**)(NH,) in which R* is C, or C, or C, or C, alkyl. In
an exemplary embodiment, R? is —(CH,)NHC(O)YCH(R>®)
(NH,) in which R>* is C, alkyl. In an exemplary embodiment,
R? is —(CH,)NHC(O)CH(CH,)(NH,). In an exemplary
embodiment, R? is —(CH,)NHC(O)CH(NH,)CH,CH
(CH,)y).

In an exemplary embodiment, R is —(CH,),—NHC(O)
(CHR?>®),, ,NR**R>* in which n is an integer selected from
1-10, nl1 is an integer selected from 1-10, wherein R is
alkyl substituted with aryl, and wherein R>* and R>* are inde-
pendently selected unsubstituted alkyl. In an exemplary
embodiment, nis 1 or 2 or 3 and nll is 1 or 2 or 3. In an
exemplary embodiment, nis 1 and nl1 is 1. In an exemplary
embodiment, R¥is —(CH,),—NHC(O)(CHR>?),,,,NR>*R>*
in which n is an integer selected from 1-10, n11 is an integer
selected from 1-10, wherein R>* is alkyl substituted with aryl.
In an exemplary embodiment, R? is —(CH,)NHC(O)CH
(R>*)(INR>*R>%)in which R is alkyl substituted with aryl. In
an exemplary embodiment, R*>? is (CH,), ,,-Ph, wherein n12
is an integer selected from 1-10. In an exemplary embodi-
ment,nislor2or3,nllislor2or3andnl2is1or2or3.
In an exemplary embodiment, nis 1,nl11is 1 andnl2is 1. In
an exemplary embodiment, R? is —(CH,)NHC(O)CH(CH,-
Ph)(NR>*R>?) in which R** or R>* is C, or C, or C; or C,
alkyl. In an exemplary embodiment, R¥ is —(CH,)NHC(O)
CH((CH,),,;-Ph)(N(CH,),). In an exemplary embodiment,
R?is —(CH,)NHC(O)CH(CH,-Ph)(N(CH,),).

In an exemplary embodiment, R is —(CH,),—NHC(O)
R>® in which n is an integer selected from 1-10, and R*® is a
member selected from
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R I|{59
%\IJA‘ N
and s

wherein R* is H or unsubstituted alkyl or C(O)OR>S,
wherein R® is unsubstituted alkyl. In an exemplary embodi-
ment, R¥ is —(CH,)NHC(O)R>® in which R*® is

H;
H c
N N
or or
4{0

(H3C)3C

\

(6]
N

In an exemplary embodiment, R¥ is —(CH,)NHC(O)R® in
which R>® is

CH;
H
N N
or or
(HzC)3C, O
\ A{
o)
N

In an exemplary embodiment, R¥ is —(CH,),—NHC(O)
(CHR??),, ,NHR>® in which n is an integer selected from
1-10, nl1 is an integer selected from 1-10, wherein R is
alkyl, and wherein R> is —C(O)OR>%, wherein R>° is unsub-
stituted alkyl. In an exemplary embodiment, n is 1 or 2 or 3
andnllis 1 or2 or3. In an exemplary embodiment, nis 1 and
nllis 1. In an exemplary embodiment, R? is —(CH,)NHC
(O)YCHR>*)(NHC(O)OR>®) in which R>*is C, or C, or C; or
C,or Csor Cgalkyland R*%is C, or C, or C; 0r C,or Cs or Cg
alkyl. In an exemplary embodiment, R is C, or C, or C,
alkyl. In an exemplary embodiment, R3¢ is C, or Cs or Cg
alkyl. In an exemplary embodiment, R¥ is —(CH,)NHC(O)
CH(CH,CH(CH,),)(NHC(O)OR?®). In an exemplary
embodiment, R? is —(CH,)NHC(O)CHR>*)(NHC(O)OC
(CH,),). In an exemplary embodiment, R¥ is —(CH,)NHC
(O)CH(CH,CH(CH,;),)(NHC(O)OC(CH,3)5).

In an exemplary embodiment, R¥ is —(CH,),—NHC(O)
(CHR??),,,,NH, in which n is an integer selected from 1-10,
nll is an integer selected from 1-10, wherein R>> is unsub-
stituted alkyl, optionally substituted with aryl. In an exem-
plary embodiment, nis 1 or2 or3andnllis 1 or2 or3.Inan
exemplary embodiment, nis 1 andnl1 is 1. In an exemplary
embodiment, R? is —(CH,),—NHC(O)(CHR>?),, ,NH, in
which n is an integer selected from 1-10, nl1 is an integer
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selected from 1-10, wherein R>® is (CH,),,, ,-Ph, whereinn12
is an integer selected from 1-10. In an exemplary embodi-
ment,nislor2or3,nllislor2or3andnl2is1or2or3.
In an exemplary embodiment, nis 1,nl1is 1 andnl2is 1. In
an exemplary embodiment, RY is —(CH,)NHC(O)CH
[(CH,)-Ph])(NH).

In an exemplary embodiment, R is —(CH,),—NHC(O)
(CHR??),,, ,NH(C(O)OR®) in which n is an integer selected
from 1-10, n11 is an integer selected from 1-10, wherein R>®
is C, or C, or C; or C, or Cs or Cg alkyl, and R>? is unsubsti-
tuted alkyl. In an exemplary embodiment, n is 1 or 2 or 3 and
nllis 1 or2or3. Inanexemplary embodiment, nis 1 andnll
is 1. In an exemplary embodiment, R? is —(CH,)NHC(O)
(CHR?*)NH(C(O)OR?), wherein R° is C,, alkyl, and R is
C, or C, or C; or C, alkyl. In an exemplary embodiment, R¥
is —(CH,)NHC(O)CH(CH,)(NH(C(O)OR?®)). In an exem-
plary embodiment, R is —(CH,)NHC(O)CH(R>*)(NH(C
(O)OC(CH,),)). In an exemplary embodiment, Ris —(CH,)
NHC(O)CH(CH;))NH(C(O)OC(CH,)5).

In an exemplary embodiment, R? is —(CH,),—NHC(O)
(CHR??),,, ,NH(C(O)OR®) in which n is an integer selected
from 1-10, n11 is an integer selected from 1-10, wherein R>®
is C, or C, or C; or C, or Cs or Cy alkyl, and R** is alkyl
substituted with aryl. In an exemplary embodiment, n is 1 or
2or3andnllis 1or2or3.Inanexemplary embodiment, n
is 1 andnl1is 1. In an exemplary embodiment, R¥ is —(CH.,)
NHC(O)(CHR?*)NH(C(O)OR?®), wherein R>® is C, alkyl,
and R>? is (CH,), ,,-Ph, wherein n,, is an integer selected
from 1-10. In an exemplary embodiment, R¢is —(CH,NHC
(O)CH((CH,)-Ph)(NH(C(O)OR*%). In an exemplary
embodiment, R? is —(CH,)NHC(OYCH(R>*)(NH(C(O)OC
(CH,),)). In an exemplary embodiment, R¥ is —(CH,)NHC
(O)CH((CH,)-Ph) (NH(C(O)OC(CHs),)).

In an exemplary embodiment, the compound has a struc-
ture according to the formula:

R S/
L0
O
O

N\ /7 N/
@] @]
;O/w\ ;O/w\
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-continued
OR*

/
O
Z O
R4

wherein R¥ is as defined herein.
In an exemplary embodiment, compound has a structure
according to the formula:

JoSesl
s¢esy

oUes

In an exemplary embodiment, the compound has a struc-
ture according to the formula:

IsUes)

wherein R* is as defined herein.
In an exemplary embodiment, the compound has a struc-
ture which is a member selected from:

NH,

OO -
Weves)

wherein R* is as defined herein.
In an exemplary embodiment, the compound has a struc-
ture according to the formula:

w
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NH,

OR*,
ﬁ /
B
Jgw
0
0

wherein R* is as defined herein.
111d.

In a fifth aspect, the invention provides a compound having
a structure according to the formula:

QJ@D
0o

whereinY is amember selected from S and O; R* is a member
selected from H, a negative charge and a positively charged
counterion; R® is a member selected from substituted or
unsubstituted hydroxyalkyl, —C(O)H and —C(O)NR*°R>'.
Each R* and R*! are members independently selected from
H, nitro, halogen, cyano, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted hetero-
cycloalkyl, substituted or unsubstituted aryl, and substituted
or unsubstituted heteroaryl. There is a proviso that R*® and
R, together with the atoms to which they are attached, are
optionally combined to form a 5- to 7-membered substituted
or unsubstituted heterocycloalkyl ring.

In an exemplary embodiment, compound has a structure
according to the formula:
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-continued

OR*
/
| o
&
R¢ N 0
OR*
/
Xy B\
| o
7o
Re

wherein R¢ is as defined herein.

In an exemplary embodiment, the compound has a struc-
ture according to the formula:

OR’
R /
\ x B\
| o
s
wherein R* is as defined herein, and R® is substituted or
unsubstituted hydroxyalkyl. In an exemplary embodiment,
R is unsubstituted hydroxyalkyl. In an exemplary embodi-
ment, R® is unsubstituted C,-C4 hydroxyalkyl. In an exem-
plary embodiment, R? is unsubstituted C, or C, or C; or C, or

Cs or C, hydroxyalkyl. In an exemplary embodiment, the
compound has a structure which is

glmf
NoUess
NoUes)

wherein R* is as defined herein.

In an exemplary embodiment, the compound has a struc-
ture according to the formula:

R® /OR
= O

w
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wherein R* is as defined herein, and R® is C(O)H. In an
exemplary embodiment, the compound has a structure which

wherein R* is as described herein.
In an exemplary embodiment, the compound has a struc-
ture having the following formula:

0
/OR
RZO
[ 0
RZI
0

wherein R* is as defined herein, and with the proviso that both
R*° and R?! are not both members selected from substituted
or unsubstituted alkyl, and with the proviso that R*® and R*!,
together with the atoms to which they are attached, are not
optionally combined to form a substituted or unsubstituted
morpholino ring. In an exemplary embodiment, there is the
proviso that both R*° and R** are not both members selected
from unsubstituted alkyl. In an exemplary embodiment, there
is the proviso that both R*® and R?! are not both ethyl.

In an exemplary embodiment, the compound has a struc-
ture according to the following formula:

OR
0 AN v
[ Z 0
RZI

wherein R* is as defined herein, R* and R*! are indepen-
dently selected unsubstituted alkyl. In an exemplary embodi-
ment, there is a proviso that each R*® and R*! is not unsub-
stituted C,-Cg alkyl. In an exemplary embodiment, there is a
proviso that each R*° and R?! is not unsubstituted C,-C,
alkyl. In an exemplary embodiment, there is a proviso that
both R*° and R*! are not methyl. In an exemplary embodi-
ment, there is a proviso that both R*° and R*! are not ethyl. In
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an exemplary embodiment, there is a proviso that both R?°
and R*! are not n-propyl. In an exemplary embodiment, the OR*
compound is B/
\O

(6]
/OR*,
R R20
Ny B\ o N~
| o |
Rr2! 10 Rr2! or
o OR*
s
20
! /©i>
O
. . . N
wherein each R*® and R*' is unsubstituted C,-C alkyl. Inan 15 rR2” 0
o) or

exemplary embodiment, there is a proviso that the compound
is not

0
/OR*
RZO
~ B
0 20 N \
OR*, | 0
Rzo\ B/ R?!
o)
N N\
| /Oi/o
RZI
0

25 wherein R*, R?° and R*! are as described herein.

In an exemplary embodiment, the compound is:

wherein each R*° and R?! is unsubstituted C,-C; alkyl. In an
exemplary embodiment, there is a proviso that the compound 30

/OR*,
is not B
\
6]
O
7 OR*
, 35
R / o N/\l
~ B
N N\
1'{21)‘\©\ /O:/O -
O
40
wherein R* is as described herein. In an exemplary embodi-

wherein both R*° and R*' are methyl. In an exemplary ment, the compound is:
embodiment, there is a proviso that the compound is not

e}

45 OR*,
o OR* B/
R /o O/\ \
~ B O
X \ (Y
| 0 0
RZI 50
O (6]
wherein both R*® and R*" are ethyl. In an exemplary embodi-  wherein R* is as described herein. In an exemplary embodi-
ment, there is a proviso that the compound is not ment, the compound is:
55
? OR*, @ OR*
- / /
oy X N X
| o) 60 \) 0
R o)
O (6]
wherein both R*® and R*' are n-propyl. s Wherein R* is as described herein.
In an exemplary embodiment, the compound has a struc- In an exemplary embodiment, the compound does not have

ture according to: a structure according to the following formula:
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O
OR*
B/
N N\
O
(@]
O
wherein R* is as described herein.

In an exemplary embodiment, the compound has a struc-
ture according to the following formula:

OR*
0 AC o/
RZO\N O\ /©:> g
i Z

wherein R* is as defined herein, R*° is NH,. In an exemplary
embodiment, the compound has a structure according to the
following formula:

0
/OR*
N .
~ N \
H 0
0

wherein R* is as defined herein.

In an exemplary embodiment, the compound has a struc-
ture according to the following formula:

OR*
0 Ax S
0 | \
R\NJ@\ /©£/O
/
| 0
H

wherein R* is as defined herein, R*° is tetrahydro-furan-2-
ylmethyl. In an exemplary embodiment, the compound has a
structure according to:

OR*
/
B
N\
0
0
RZO
0 N~
i
or
/OR*
RZO B
N\
0
N
0
O or
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-continued

(€]
/OR*
R20
~ B
O
O

wherein R?° is tetrahydro-furan-2-ylmethyl.
In an exemplary embodiment, the compound has a struc-
ture according to the following formula:

OR*
0 AN 7
2 | \
= J@\ /Qi/o
N /
| 0
H

wherein R* is as defined herein, R*® is —NC(O)OR’®,
wherein R’¢ is unsubstituted alkyl. In an exemplary embodi-
ment, R>° is a member selected from C, or C, or C; or C, or
C; or Cg4 alkyl. In an exemplary embodiment, the compound
has a structure according to:

OR*
/
B
\
0
0
RZO
0 N~
i
or
/OR*
RZO B
AN
0
N
0
O or

(€]
/OR*
R20
~ B
O
(6]

wherein R is NC(O)YOR>S. In an exemplary embodiment,
RS is tert-butyl.

In an exemplary embodiment, the compound has a struc-
ture according to the following formula:

OR*
AN B/
Rsl §_:©\ /@/\O
TSN
le]

wherein R* is as defined herein, R%' is unsubstituted alkyl. In
an exemplary embodiment, R" is C, or C, or C, alkyl. In an
exemplary embodiment, the compound has a structure
according to:
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wherein R% is as described herein. In an exemplary embodi-
ment, R% is methyl.

In an exemplary embodiment, the compound has a struc-
ture according to the formula:

OR*
R4 /
\ X B\
| o
s
wherein R* is as defined herein, and R® is substituted or
unsubstituted alkyloxy. In an exemplary embodiment, R is
unsubstituted alkyloxy. In an exemplary embodiment, R is
unsubstituted C, -C, alkyloxy. In an exemplary embodiment,

R? is unsubstituted C, or C, or C; or C, or C; or C; alkyloxy.
In an exemplary embodiment, the compound has a structure

which is
OR*
/
B
QQ
O
O

OCH;

OR*
/
B
oYY
O
H;CO O or
OR*,
H;CO. B/
D
O
O

wherein R* is as defined herein.
In an exemplary embodiment, the compound has a struc-
ture according to the formula:

or

74
R /OR*
|\ \ \

w

F

O

wherein R* is as defined herein, and R? is NO,. In an exem-

0 plary embodiment, the compound has a structure which is

OR*
/
B
N\
15 O
0
NO, or
/OR*
20 .
AN
o}
O)N O or
OR*
25 0N B/
Q /@)
0
0
30

wherein R* is as defined herein.
In an exemplary embodiment, the compound has a struc-
ture according to the formula:

OR*
R /
™ B\
| o
s
wherein R* is as defined herein, and R is NH,,. In an exem-
plary embodiment, the compound has a structure which is

40

45
OR*
/
B
/©i>
¢]
50 o
NH, or
OR*
/
B
55 \
¢]
H,N (6] or
OR*,
60

HN B/
L0
O
O

65 wherein R* is as defined herein.
In an exemplary embodiment, the compound has a struc-
ture according to the formula:
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R /OR*
|\ A \

wherein R* is as defined herein, and R€ is R°°S(0),NH—,
wherein R®° is unsubstituted alkyl. In an exemplary embodi-
ment, R% is methyl. In an exemplary embodiment, the com-
pound has a structure which is

OR*
/
B
\
O or
O
NH
o= é =0
Il{so
OR*
/
B
N\
O or
(0]
N 0
R6° \\O
// OR*,
// NH B/
\
¢]

wherein R* is as defined herein.

In an exemplary embodiment, the compound has a struc-
ture according to the formula:

RZS
=
o \ AN B\
| 0
/ o

wherein R* is as defined herein, and R/ is substituted or
unsubstituted alkyl. In an exemplary embodiment, R” is
unsubstituted alkyl. In an exemplary embodiment, R/ is
unsubstituted C,-C,, alkyl. In an exemplary embodiment, R'is
unsubstituted C, or C, or C; or C, or Cs or C; alkyl. In an
exemplary embodiment, R’ is unsubstituted C, or C, or C,
alkyl. In an exemplary embodiment, R”is methyl or ethyl or
isopropyl. In an exemplary embodiment, the compound has a
structure which is

15

45

wherein R* is as defined herein.
In an exemplary embodiment, the compound has a struc-
ture which is a member selected from:

OR*

QJ@L
»Pes)

wherein R* and R' are as described herein.
In an exemplary embodiment, the compound has a struc-
ture which is a member selected from:

and

OR*

hoSes]
poSes]

wherein R* and R” are as described herein.

In an exemplary embodiment, R® is —C(O)NR*°R?!,
wherein each R? and R?' is a member selected from H,
hydroxyalkyl, substituted or unsubstituted aminoalkyl, sub-
stituted or unsubstituted arylalkyl, substituted or unsubsti-
tuted heteroarylalkyl, or R*° and R*', along with the nitrogen
to which they are attached, are optionally joined to form a
substituted or unsubstituted piperazinyl ring. In an exemplary
embodiment, R*° is H. In an exemplary embodiment, R*! is a
member selected from unsubstituted hydroxyalkyl, substi-
tuted or unsubstituted aminoalkyl, unsubstituted phenylalkyl,

and
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N-substituted aminoalkyl. In an exemplary embodiment, R*°
is H, and R*! is unsubstituted alkyl. In an exemplary embodi-
ment, R* is H, and R?" is unsubstituted C,-Cy alkyl. In an
exemplary embodiment, R*®is H, and R*! is C, or C, or C; or
C, or Cs or Cy alkyl. In an exemplary embodiment, R*° and
R?!, along with the nitrogen to which they are attached, are
joined to form an unsubstituted piperazinyl ring. In an exem-
plary embodiment, R*° and R*!, along with the nitrogen to
which they are attached, are joined to form a N-substituted
piperazinyl ring. In an exemplary embodiment, the N-substi-
tuted piperazinyl ring is substituted with unsubstituted C,-C
alkyl and unsubstituted C,-Cg alkylcarbonyl. In an exemplary
embodiment, R*° is H, and R?! is a member selected from
ortho-unsubstituted alkylbenzyl or meta-unsubstitutedalkyl-
benzyl or para-unsubstituted alkylbenzyl. In an exemplary
embodiment, R?® is H, and R*' is paramethylbenzyl. In an
exemplary embodiment, R*° is H, and R*' is a member
selected from ortho-alkoxybenzyl or meta-alkoxybenzyl or
para-alkoxybenzyl. In an exemplary embodiment, R*° is H,
and R*! is a member selected from ortho-methoxybenzyl or
meta-methoxybenzyl or para-methoxybenzyl. In an exem-
plary embodiment, R*° is H, and R?" is para-methoxybenzyl.
In an exemplary embodiment, R*° is H, and R*" is phenyl. In
an exemplary embodiment, R*°is H, and R*! is cycloalkyl. In
an exemplary embodiment, R*° is H, and R*! is cyclopropyl.
In an exemplary embodiment, R*° is H, and R** is cyclobutyl.
In an exemplary embodiment, R*° is H, and R*! is cyclopen-
tyl. In an exemplary embodiment, R*° is H, and R** is cyclo-
hexyl. In an exemplary embodiment, R*°is H, and R** is CH,.
In an exemplary embodiment, R*® is CH,, and R*! is CH,.

In an exemplary embodiment, R® is a member selected
from

[@] [@]

Sasiae
[@] [@]
O oY
,MezN\/\g
N
Y
i and i .
pEias

In an exemplary embodiment, the compound is a member
selected from N-Benzyl-4-(1-hydroxy-1,3-dihydro-benzo|[c]
[1,2]oxaborol-5-yloxy)-benzamide,

5

10

20

25

30

35

45

65

78

(€]
OR*,
B/
©/\ N /©:>o
O
4-(1-Hydroxy-1,3-dihydro-benzo[c][1,2]oxaborol-5-yloxy)-
N-(2-hydroxy-ethyl)-benzamide

i /OR*,
NS N)‘\©\ J X
H 0
o

4-(1-Hydroxy-1,3-dihydro-benzo[c][1,2]oxaborol-5-yloxy)-
N-pyridin-2-ylmethyl-benzamide

O
/OR*,
N.
AN N B\
| : o

A o
[4-(1-Hydroxy-1,3-dihydro-benzo[c][1,2]oxaborol-5-
yloxy)-phenyl]-(4-methyl-piperazin-1-yl)-methanone

@ OR*,
J
S \
O
MeN\)
O

1-{4-[4-(1-Hydroxy-1,3-dihydro-benzo[c][1,2]oxaborol-5-
yloxy)-benzoyl]-piperazin-1-yl}-ethanone

oS

N-(2-Dimethylamino-ethyl)-4-(1-hydroxy-1,3-dihydro-
benzo[c][1,2]oxaborol-5-yloxy)-benzamide

9 /OR*,
MezN
\/\EJI\Q\ /@:B)
O
O

N,N-diethyl-6-(1-hydroxy-1,3-dihydrobenzo|c][1,2]ox-
aborol-5-yloxy)nicotinamide
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(€] (l)R*
P N s B\
) :
x>
N (6]
N-Ethyl-6-(1-hydroxy-1,3-dihydrobenzo[c][ 1,2]oxaborol-
5-yloxy)nicotinamide

O (l)R
/\N / B\
H | 0.
A
N O

5-(5-(Hydroxymethyl)pyridin-2-yloxy)benzo[c][1,2]ox-
aborol-1(3H)-o0l

(l)R
O,
™
N O

6-(1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborol-5-yloxy)
nicotinaldehyde

/OR
HC
B
O
V
N (6]
and  (Z)—N-((6-(1-hydroxy-1,3-dihydrobenzo|c][1,2]ox-

aborol-5-yloxy)pyridin-3-yl)methylene)-2-methylpropan-2-
amine oxide

*

S )
NP NF B
| h o
O ™
N O

In an exemplary embodiment, the compound has a struc-
ture according to the following formula:

Joos

wherein X is a member selected from N, CH or C(O)R*?, R*?

is a member selected from alkyl, optionally substituted with

dialkylamino, and R* is as described herein. In an exemplary
embodiment, the compound has a structure according to:
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OR’
A B/
7 0
0 OR?*?
OR’
/
Yf\l L LB\
0
R20, >
N 0

i E RZZ
OLB\
e}
R?0.
0
0
? OR’
B/
e}
0

wherein R?? is unsubstituted alkyl, and R* is as described
herein. In an exemplary embodiment, R** is unsubstituted
C,-C, alkyl. In an exemplary embodiment, R*? is unsubsti-
tuted C, or C, or C; or C, or C; or C alkyl. In an exemplary
embodiment, R* is unsubstituted C, alkyl. In an exemplary
embodiment, R** is unsubstituted C, alkyl. In an exemplary
embodiment, R** is unsubstituted C; alkyl. In an exemplary
embodiment, R is isopropyl. In an exemplary embodiment,
R?? is dialkylaminoalkyl. In an exemplary embodiment, R*>
is dialkylaminoethyl. In an exemplary embodiment, R** is
dimethylaminoalkyl. In an exemplary embodiment, R** is
dimethylaminoethyl.

In an exemplary embodiment, the compound has a struc-
ture according to the following formula:

OR*

B/
7 \
O

wherein R is halogen, and R* is as described herein. In an
exemplary embodiment, the compound has a structure
according to:



US 9,416,
81
OR* or
/
B
\b
5
0
R23
OR* or
B/ 10
\b
R% 0
OR*
R23 B/ 15
\b
0

wherein R?? is halogen, and R* is as described herein. In an
exemplary embodiment, R** is fluoro or chloro.

In an exemplary embodiment, the compound has a struc-
ture according to the following formula:

OR*
B/
|
/ o

wherein R** is unsubstituted alkyl or halosubstituted alkyl,
and R* is as described herein. In an exemplary embodiment,
the compound has a structure according to:

25

35

OR* or
B/ 40
Jow
(6]
O
R24
OR* or +
/
X
O\ Qi/o
R* 0
OR* 50
R24 B/
0
O
0 55
wherein R** is unsubstituted alkyl or halosubstituted alkyl,
and R* is as described herein. In an exemplary embodiment,
R** is unsubstituted C,-Cy alkyl or halosubstituted C,-Cs

alkyl. In an exemplary embodiment, R** is unsubstituted C,
or C, or C; or C, or C5 or Cy alkyl. In an exemplary embodi-
ment, R** is halosubstituted C, or C, or C; or C, or C5 or Cg
alkyl. In an exemplary embodiment, R** is fluorosubstituted
C, or C, or C; or C, or C5 or C alkyl. In an exemplary
embodiment, R**is trifluoromethyl. In an exemplary embodi-
ment, R** is methyl.

65
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In an exemplary embodiment, the compound is

OR*,
/
B
O 10
0
O
COOH

wherein R* is as described herein.
In an exemplary embodiment, the compound is

OR*,

/
B
)
: o
HOOC 0

wherein R* is as described herein.
In an exemplary embodiment, the compound has a struc-
ture according to the following formula:

-
29 O
NS N
/N—ﬁ—l O
RZS 0 / 0

wherein R*® or R* are independently selected unsubstituted
alkyl, and R* is as described herein. In an exemplary embodi-
ment, the compound has a structure which is a member
selected from:

OR*
/
B
O 0
o
O

O0=8=0
N
R8T g2
OR*
/
AN
o) O
RZ ‘E 0
or
~N N Ve \\
/ @]
R
R2
\ O OR*
N
87 \S// /

In an exemplary embodiment, R*® is ethyl. In an exemplary
embodiment, R*® is ethyl.

In an exemplary embodiment, the compound has a struc-
ture according to the following formula:
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OR*
0 {
0 I \
RV — N—S—I O
/AN,

wherein R*® is H and unsubstituted alkyl, and R* is as
described herein. In an exemplary embodiment, the com-
pound has a structure according to:

R*

SWes

O0=—=S=—=0
)
N
R30
OR*
/
B
N\
o\ O
N\
N\ ? or

@]
A
Rso\ /\
\ //
wherein R is unsubstituted alkyl, and R* is as described
herein. In an exemplary embodiment, R*° is methyl.

In an exemplary embodiment, the compound has a struc-
ture according to the following formula:

NC

In an exemplary embodiment, the compound has a struc-
ture which is listed in FIGS. 1A-1K, or a salt thereof. In an
exemplary embodiment, the compound has a structure which
is listed in FIGS. 2A-2H, or a salt thereof. In an exemplary
embodiment, the compound has a structure which is listed in
FIGS. 3A-3FF, or a salt thereof. In an exemplary embodi-
ment, the compound has a structure which is listed in FIGS.
4A-4FF, or a salt thereof. In an exemplary embodiment, the
compound has a structure which is listed in FIGS. 5A-5FF, or
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a salt thereof. In an exemplary embodiment, the compound
has a structure which is listed in FIGS. 6A-6L, or a salt
thereof. In an exemplary embodiment, the compound has a
structure which is listed in FIGS. 7A-7N, or a salt thereof.

In an exemplary embodiment, for the compound of any
formula described herein, R* is H.

In another exemplary embodiment, the invention provides
poly- or mutli-valent species of the compounds of the inven-
tion. In an exemplary embodiment, the invention provides a
dimer of the compounds described herein. In an exemplary
embodiment, the invention provides a dimer of the com-
pounds described herein. In an exemplary embodiment, the
invention provides a dimer of a compound which is a member
selected from D1, D2, D3, D4, DS, D6, D7, D8, D9, D10,
D11, D12, D13, D14, D15, D16, D17, D18, D19, D20, D21,
D22, D23, D24, D25, D26, D27, D28, D29, D30, D31, D32,
D33, D34, D35, D36, D37, D38, D39, D40, D41, D42, D43,
D44, D45, D46, D47, D48, D49, D50, D51, D52, D53, D54,
D55, D56, D57, D58, D59, D60, D61, D62, D63, D64, D65,
D66, D67, D68, D69, D70, D71, D72, D73, D74, D75, D76,
D77, D78, D79, D80, D81, D82, D83, D84, D85, D86, D87,
D88, D89, D90, D91, D92, D93, D94, D95, D96, D97, DIS,
D99, D100, D101, D102, D103, D104, D105, D106, D107,
D108, D109,D110,D111,D112,D113,D114, D115, D116,
D117,D118,D119, D120, D121, D122, D123, D124, D125,
D126,D127,D128, D129, D130, D131, D132, D133, D134,
D135, D136, D137, D138, D139, D140, D141, D142, D143,
D144, D145, D146, D147, D148, D149, D150, D151, D152,
D153, D154, D155, D156, D157, D158, D159, D160, D161,
D162, D163, D164, D165, D166, D167, D168, D169, D170,
D171,D172,D173, D174, D175,D176,D177, D178, D179,
D180, D181, D182, D183, D184, D185, D186, D187, D188,
D189, D190, D191, D192, D193, D194, D195, D196, D197,
D198, D199, D200, D201, D202, D203, D204, D205, D206,
D207, D208, D209, D210, D211, D212, D213, D214, D215,
D216,D217,D218, D219, D220, D221, D222, D223, D224,
D225, D226, D227, D228 and D229.

In an exemplary embodiment, the invention provides an
anhydride of the compounds described herein. In an exem-
plary embodiment, the invention provides an anhydride of the
compounds described herein. In an exemplary embodiment,
the invention provides an anhydride of a compound which is
amember selected from D1, D2, D3, D4, D5, D6,D7,D8, D9,
D10, D11, D12, D13, D14, D15, D16, D17, D18, D19, D20,
D21, D22, D23, D24, D25, D26, D27, D28, D29, D30, D31,
D32, D33, D34, D35, D36, D37, D38, D39, D40, D41, D42,
D43, D44, D45, D46, D47, D48, D49, D50, D51, D52, D53,
D54, D55, D56, D57, D58, D59, D60, D61, D62, D63, D64,
D65, D66, D67, D68, D69, D70, D71, D72, D73, D74, D75,
D76,D77, D78, D79, D80, D81, D82, D83, D84, D85, D86,
D87, D88, D89, D90, D91, D92, D93, D94, D95, D96, D97,
D98, D99, D100, D101, D102, D103, D104, D103, D106,
D107,D108, D109, D110,D111,D112,D113, D114, D115,
D116,D117,D118, D119, D120, D121, D122, D123, D124,
D125,D126,D127, D128, D129, D130, D131, D132, D133,
D134, D135, D136, D137, D138, D139, D140, D141, D142,
D143, D144,D145, D146, D147,D148, D149, D150, D151,
D152, D153, D154, D155, D156, D157, D158, D159, D160,
D161, D162, D163, D164, D165, D166, D167, D168, D169,
D170,D171,D172, D173, D174,D175,D176, D177, D178,
D179, D180, D181, D182, D183, D184, D185, D186, D187,
D188, D189, D190, D191, D192, D193, D194, D195, D196,
D197, D198, D199, D200, D201, D202, D203, D204, D205,
D206, D207, D208, D209, D210, D211, D212, D213, D214,
D215,D216,D217, D218, D219, D220, D221, D222, D223,
D224, D225, D226, D227, D228 and D229.
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In an exemplary embodiment, the invention provides a
trimer of the compounds described herein. In an exemplary
embodiment, the invention provides a trimer of the com-
pounds described herein. In an exemplary embodiment, the

invention provides a trimer of a compound which is a member >

selected from D1, D2, D3, D4, D5, D6, D7, D8, D9, D10,
D11, D12, D13, D14, D15, D16, D17, D18, D19, D20, D21,
D22, D23, D24, D25, D26, D27, D28, D29, D30, D31, D32,
D33, D34, D35, D36, D37, D38, D39, D40, D41, D42, D43,
D44, D45, D46, D47, D48, D49, D50, D51, D52, D53, D54,
D55, D56, D57, D58, D59, D60, D61, D62, D63, D64, D65,
D66, D67, D68, D69, D70, D71, D72, D73, D74, D75, D76,
D77,D78, D79, D80, D81, D82, D83, D84, D85, D86, D87,
D88, D89, D90, D91, D92, D93, D94, D95, D96, D97, DIS,
D99, D100, D101, D102, D103, D104, D105, D106, D107,
D108,D109,D110,D111, D112, D113,D114, D115, D116,
D117,D118,D119,D120, D121, D122, D123, D124, D125,
D126,D127,D128, D129, D130, D131, D132, D133, D134,
D135, D136, D137, D138, D139, D140, D141, D142, D143,
D144, D145,D146,D147, D148, D149, D150, D151, D152,
D153, D154, D155,D156, D157, D158, D159, D160, D161,
D162, D163, D164, D165, D166, D167, D168, D169, D170,
D171,D172,D173,D174, D175, D176,D177, D178, D179,
D180, D181, D182, D183, D184, D185, D186, D187, D188,
D189, D190, D191, D192, D193, D194, D195, D196, D197,
D198, D199, D200, D201, D202, D203, D204, D205, D206,
D207, D208, D209, D210, D211, D212, D213, D214, D215,
D216,D217,D218, D219, D220, D221, D222, D223, D224,
D225, D226, D227, D228 and D229.

In an exemplary embodiment, the invention provides a
compound described herein, or a salt, hydrate or solvate
thereof, or a combination thereof. In an exemplary embodi-
ment, the invention provides a compound described herein, or
a salt, hydrate or solvate thereof. In an exemplary embodi-
ment, the invention provides a compound described herein, or
a salt thereof. In an exemplary embodiment, the salt is a
pharmaceutically acceptable salt. In an exemplary embodi-
ment, the invention provides a compound described herein, or
a hydrate thereof. In an exemplary embodiment, the invention
provides a compound described herein, or a solvate thereof.
In an exemplary embodiment, the invention provides a com-
pound described herein, or a prodrug thereof. In an exemplary
embodiment, the invention provides a salt of a compound
described herein. In an exemplary embodiment, the invention
provides a pharmaceutically acceptable salt of a compound
described herein. In an exemplary embodiment, the invention
provides a hydrate of a compound described herein. In an
exemplary embodiment, the invention provides a solvate of a
compound described herein. In an exemplary embodiment,
the invention provides a prodrug of a compound described
herein.

In an exemplary embodiment, alkyl is a member selected
from linear alkyl and branched alkyl. In another exemplary
embodiment, heteroalkyl is a member selected from linear
heteroalkyl and branched heteroalkyl.

Additional compounds which are useful in the methods of
the invention are disclosed in U.S. Prov. Pat. App. 60/654,
060; Filed Feb. 16, 2005; U.S. patent application Ser. No.
11/357,687, Filed Feb. 16, 2006; U.S. patent application Ser.
No. 11/505,591, Filed Aug. 16, 2006, U.S. Prov. Pat. App.
60/823,888 filed on Aug. 29, 2006 and 60/774,532 filed on
Feb. 16, 2006; U.S. patent application Ser. No. 11/676,120,
Filed Feb. 16, 2007, which are herein incorporated by refer-
ence in their entirety for all purposes. Methods of producing
the compounds of the invention are also described in these
patent applications.
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1Ile. Methods of Making the Compounds

The following exemplary schemes illustrate methods of
preparing boron-containing molecules of the present inven-
tion. These methods are not limited to producing the com-
pounds shown, but can be used to prepare a variety of mol-
ecules such as the compounds and complexes described
herein. The compounds of the present invention can also be
synthesized by methods not explicitly illustrated in the
schemes but are well within the skill of one in the art. The
compounds can be prepared using readily available materials
of known intermediates.

The compounds of the invention can be produced accord-
ing to the strategies described herein. Strategy A is described
below for the production of 5-disubstituted phenoxy(halo-
substituted)benzoxaborole derivatives:

Strategy A
/R\@Br
HO 2 cro
Step (1) l
NC RS
/\ Br
Rl_f\ 7 |\ N Step (2
| +
)\
K v X HO / O
2 (@]
X=F,Cl
Y,Z=CHN 3
NC S
Br
R (/\4\|Z |\ ~ Step (3)
x )\
K Y 0 7 0
I
4
Step 4
(@] O
j \ / ]i
B—B
\
(@]
x JJ 6
5
R*=H, halogen
?%<
< Step (5)
B ~0
K k k
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-continued
NC RS OH
r/\4\2 |\ AN B\
R!I— 0
S J\ 7

Step 1: The formyl group of compound 1 was protected as
ethylene acetal with ethylene glycol in the presence of acid
catalyst. Ethylene glycol was used in excess, typically from
about 2 to about 10 equivalents to compound 1. As for the acid
catalysts, sulfonic acids, such as para-toluene sulfonic acid or
methanesulfonic acid, hydrogen chloride, hydrogen bromide,
and the like are used at from about 1 to about 10 mol %. As for
the solvent, toluene, benzene, xylene are used. The reaction is
carried out under azetropic condition with a Dean-Stark head
at reflux. The reaction is typically complete in from about 1 to
about 24 hours. This step may not be needed depending the
reactivity of compound 2.

Step 2: Compounds 2 and 3 are coupled in the presence of
abase to give 4. As forthe base, carbonates, such as potassium
carbonate, cesium carbonate, and sodium carbonate, sodium
hydride, potassium tert-butoxide, and the like are used. The
amount is between from about 1 to about 5 equivalent. Useful
solvents include N,N-dimethylformamide, N,N-dimethylac-
etamide, dimethylsulfoxide, acetonitrile, and the like. The
reaction is carried out at from about 70 to about 150° C. and
completed in from about 1 to about 24 hours.

Step 3: Compound 4 is treated with acid to hydrolyze the
acetal. Useful acids include hydrochloric acid, hydrobromic
acid, para-toluenesulfonic acid, methansulfonic acid, acetic
acid, and the like in amounts of from about 1 to about 50
equivalents. Useful solvents include methanol, ethanol, tet-
rahydrofuran, 1,4-dioxane, 1,2-dimethoxyethane, and the
like. The reaction is carried out at room temperature to reflux.
The reaction is complete in from about 1 to about 24 hours.

Step 4: Compound 5 is subjected to Miyaura coupling to
introduce boron atom. A mixture of compounds 5, 6, [1,1'-
bis(diphenylphosphino)ferrocene]dichloropalladium(II)
complex with dichloromethane, and potassium carbonate in a
solvent is stirred at about 50° C. to reflux. The solvent is
chosen from 1,4-dioxane, 1,2-dimethoxyethane, tetrahydro-
furan, dimethylsulfoxide, dimethylformamide, toluene, and
the like. The palladium catalyst is used at from about 1 to
about 5 mol %, and the base is used from about 2 to about 5
equivalent. The reaction is completed in from about 1 to about
24 hours.

Step 5: Compound 7 is treated with a reducing agent, such
as sodium borohydride and lithium aluminum hydride, in an
inert solvent. Reducing agent is used from about 0.5 to about
2 equivalent. Inert solvent is methanol, ethanol, tetrahydro-
furan, ether, and the like. The reaction is carried out at about
0° C. to room temperature, and complete in from about 1 to
about 12 hours. Pinacol is removed by washing with aqueous
boric acid during the extraction, treating crude product with
water, or by freezedrying after purification.

Some 2-alkoxy-6-chloronicotinonitriles (2a) are prepared
as follows:

w
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Step (6)
HO QA -,
Z
cl N Cl
8
0
Step (7)
LN x
Z
cl N cl
9
0
NC
AN
ILN AN Step (8)
> Z
> RO N cl
RO N cl
2a
10

Step 6: 2,6-Dichloronicotinic acid (8) is converted into
corresponding acid chloride using oxalyl chloride or thionyl
chloride in inert solvent. As for the solvent, dichloromethane,
1,2-dichloroethane, tetrahydrofuran, are used. The reaction is
carried out at about 0° C. to reflux, and completes in from
about 1 to about 24 hours. Small amount of N,N-dimethyl-
formamide can be added to accelerate the reaction. The acid
chloride formed is treated with ammonia to give compound 8.

Step 7: Compound 10 is obtained by treating 8 with corre-
sponding alkoxide. As for the alkoxide, commercially avail-
able sodium methoxide or sodium ethoxide can be used.
Otherwise, it is prepared in situ from alcohol (ROH) and a
base, such as sodium, sodium hydride, potassium hydride,
butyllithium, and the like. As for the solvent, tetrahydrofuran,
1,4-dioxane, N, N-dimethylformamide, 1,2-dimethoxy-
ethane, toluene, and the like are used. The reaction is carried
out at about 0° C. to room temperature for from about 1 to
about 24 hours.

Step 8: Compound 10 is treated with phosphorous oxy-
chloride and pyridine to give 2a. Phosphorous oxychloride
and pyridine are used in about 3 to about 6 equivalent. The
solvent is chosen from acetonitrile, tetrahydrofuran, toluene,
and the like. The reaction is carried out at room temperature to
reflux and complete in from about 1 to about 24 hours.

Some  2-alkoxy-6-chloronicotinonitriles  (2a) and
6-alkoxy-2-chloronicotinonitriles (2b) are alternatively pre-
pared as follows:

NC NC

\ Step (7) I
= Z
cl N al RO N al
1 2
NC
®
=
al N OR
2

Compounds 2a and 2b are obtained in the same condition
as described above for step 7 from 2,6-dichloronicotinonitrile



US 9,416,146 B2

89

(11). The mixture can be separated by silica gel column
chromatography, preparative thin layer chromatography or
high performance liquid chromatography.

Some 2-amino-6-chloronicotinonitrile derivatives (2¢) and
6-amino-2-chloronicotinonitrile derivatives (2d) are alterna-
tively prepared as follows:

NC NC

x Step (9) A
_— +
Z &
cl N cl RRN N cl
1 2%
NC
AN
Z
cl N NRR/
2

Step 9: Compounds 2¢ and 2d are obtained by treating 11
with corresponding amines with or without a base. Amine is
used from about 1 to about 10 equivalent. The base includes
potassium carbonate, sodium carbonate, cesium carbonate,
sodium hydride, potassium hydride, butyllithium, and the
like. As for the solvent, tetrahydrofuran, 1,4-dioxane, N,N-
dimethylformamide, 1,2-dimethoxyethane, toluene, and the
like are used. The reaction is carried out at about 0° C. to
reflux for from about 1 to about 24 hours. The mixture can be
separated by silica gel column chromatography, preparative
thin layer chromatography or high performance liquid chro-
matography.

Compounds la and 1b are prepared as follows.

Br
Step 10
HO CHO
X

12X =F,Cl

X Br
j@ Step . j@
HO CHO

13 (X =F,Cl

la

Step 10: (a) Compound 12 or 13 are treated with boron
tribromide in dichloromethane. Boron tribromide is used
from about 1 to about 3 equivalents. The reaction is carried
out at about —-78° C. to room temperature and complete in
from about 1 to about 24 hours. (b) Alternatively, compound
12 or 13 are treated with 48% hydrobromic acid in acetic acid
at from about 30 to about 100° C. for from about 6 to about 72
hours.

Strategy B is described below for the production of mono-
or disubstituted S-phenoxy derivatives:
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Strategy B
R? NO,
r\ AN K>CO;3
Rl—l + —_—
|
KY/ OH F Me
RZ
NO
r/\éj\ : reduction
RI— |
.
KY O Me
R t-BuONO
NH HBr
r/\%j\ /C[ | N
wl ] —
>
KY O Me
RZ
Br NBS
r/\/ AIBN
RI— |
\,
O Me
\ Br
r /j\ NaOAc
Rl
PdClx(dppf)
@] O
\ /
j AN ]i
R2 O [¢]
N Br KOAc
p L |
\Y o OAc
(@]
R2 1) NaOH
B E—
1 (/\/ 0 »HH'
R
\ OAc
Y
R2 OH
r/\/ B\
Rl—K | 0
™
Y
Y =CH, N, CR!

Strategy C is described below for the production of 5-phe-
noxy derivatives:

Strategy C
R3
Br
|\ AN
HO Z o
2

la
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-continued
R Rs\ \ Br
Rr! i\ o | / o b, c
' * HO —
N 1)
lad
3
RZ R3
™ NV
Rli d-g
L~ N
Y O CHO
14
RZ\ R} _ B/OH
Rl—f \ ” | \o
|
NN
Y =CH, N, CR!

Reagents and conditions: (a) ethylene glycol, p-TsOH,
toluene, reflux, 6 h; (b) K,CO;, DMF, 100° C., overnight; (c)
3 M HCI, THF, reflux, 2 h; (d) NaBH,, MeOH, rt, 1 h; (e)
3,4-dihydro-2H-pyran, camphorsulfonic acid, CH,Cl,, rt, 2
h; () (i-PrO);B, n-Bul i, THF, -78° C. tort, 3 h; (g) 6 M HCl,
THE, rt, 3 h; (h) 6 M NaOH, MeOH, 1,4-dioxane, reflux, 6
days; (i) EDCI, HOBt, DMAP, DMF, rt, overnight.

5-Phenoxybenzoxaborole derivatives were synthesized as
shown above. Diaryl ether scaffold was made by nucleophilic
aromatic substitution reaction. The formyl group of com-
pound 2 was protected as an acetal to avoid self condensation
of 2. The formyl group of 4 was reduced to alcohol and
protected as THP ether. The boron atom was then introduced
by halogen-metal exchange with n-Bul.i in the presence of
triisopropyl borate, which is known as the in-situ quench
protocol (Li, W, et al. J. Org. Chem. 2002, 67, 5394-5397.
Upon deprotection of THP group by HCI, the resulting
hydroxymethyl group spontaneously cyclized to afford the
desired oxaborole.

Strategy D is described below for the production of car-
boxy monosubstituted 5-phenoxy derivatives:

Strategy D

OH
~ d
L0 —
Y/ O
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-continued
OH
B’
N \
HOOC—I O
L~
Y O

Y =CH, N, C—CN, C—COOH

Reagents and conditions: 6 M NaOH, MeOH, 1,4-dioxane,
reflux, 6 days. The carboxy derivative was obtained by the
base hydrolysis of the corresponding cyano compound.

Strategy E is described below for the production of amide
monosubstituted 5-phenoxy derivatives:

Strategy E

/OH
B
Y/ 0
/OH
R Q B
AN
) 1
R Y/ 0

Y =CH, N, C— COOH, CC(O)NR,

Reagents and conditions: EDCI, HOBt, DMAP, DMF, rt,
overnight. Amide derivatives were synthesized from the car-
boxy derivative using regular EDC/HOBt conditions.

Strategy F is described below for the production of ester
monosubstituted 5-phenoxy derivatives:

Strategy F

OH
A {
Y/ )
OH
0 AQ B/
Y/ O

Y =CH, N, C—COOH, CC(O)OR

Step (11)
—_—

Step 11: Reagents and conditions: (a) ROH, sulfuricacid (1 to
10 mol %), reflux 1 to 24 hours or (b) RX (X—CI, Br, I), base
(potassium carbonate, sodium carbonate, sodium hydride,
and the like), solvent (acetone, tetrahydrofuran, N,N-dimeth-
ylformamide, and the like), 0° C. to reflux, 1 to 24 hours.

Various 4-cyanophenoxy derivatives are synthesized as
shown in Strategy G in similar ways to make compounds [I].
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oH . N Br
/©/ ' :
+
NC 2 cio
6 b NC
15 - ¢
17a (6-F)
17b (4-F)
OH
b, c
Br NC /
+
(0]
F
fo) 1b
16
1.
OH NC
Br
CHO
15

Reagents and conditions: (a) ethylene glycol, p-TsOH, tolu-
ene, reflux, 6 h; (b) K,CO;, DMF, 100° C., overnight; (c)3M 35
HCI, THF, reflux, 2 h; (d) NaBH,, MeOH, rt, 1 h; (e) 3,4-
dihydro-2H-pyran, camphorsulfonic acid, CH,Cl,, rt, 2 h; (f)
(i-PrO),B, n-BuLi, THF, -78° C.to rt, 3 h.

Carbamoy] substituted derivatives are prepared as follows: 20

Strategy H
H,NOC
f\/\z 45
R!'—
k )\ *
Y X
19
RZ\ \ Br 50
HO Va o) =
O\> 55
3
H,NOC 2 Ot
G I\ B
f\ X7z AN \
RI—— |

X=F,Cl
Y,Z=CH,N

These compounds are prepared from compounds 19 and 3
in a similar manner to Strategy A.

94

. N Br
o
Zcro
6
18 (6-isomer)
18b (4-isomer0
18c¢ (3-isomer)
l d-f
5 /OH
6 B
| N\
e} I O
/

4

Aminomethy! substituted derivatives are prepared as fol-

lows:
Strategy I

Ol
B/
LN Z Ny \
R-TC | o
0

These compounds are prepared by hydrogenation of cor-
responding cyano derivatives. Typical condition is using pal-
ladium on charcoal (5 to 10%) in ethanol, methanol, ethyl
acetate, and the like, at room temperature to reflux at atmo-
sphere pressure to about 50 psi for from about 1 to about 72
hours. Alternatively, these compounds are prepared by
lithium aluminum hydride reduction in ether or tetrahydrofu-
ran at about 0° C. to reflux for from about 1 to about 24 hours.

Alkylaminomethyl derivatives are prepared as follows:

Strategy J
OH
R! /
B
N Xy \ RCHO |
| O reducing
™ agent
Y O
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OH
R! /
R/\ N /\4\ 7 B\

’ J\ ’
A
Y 0

Those compounds are prepared by regular reductive alky-
Iration. As for the reducing agent, sodium borohydride or
sodium cyanoborohydride is typically used. As for the sol-
vent, methanol, ethanol, tetrahydrofuran, 1,4-dioxane, and
the like are used. The reaction is carried out at from about 0 to
about 50° C. and complete in from about 1 to about 24 hours.

Sulfonylaminomethyl derivatives are prepared as follows:

Strategy K
OH
R! /
B RSO,CI
LN X N
| O base
X
Y O

o OH
P /
N /\4\2 B\
’ J\ ’
A
Y 0

These compounds are prepared by regular sulfonylation.
The amine is treated with 1 to 10 equivalent of sulfonyl
chloride. As for the base, triethylamine, diisopropylethy-
lamine, DBU, pyridine, 4-N,N-dimethylaminopyridine,
sodium hydride, butyllithium, and the like are used. As for the
solvents, dichloromethane, 1,2-dichloroethane, tetrahydrofu-
ran, acetonitrile, N,N-dimethylformamide, and the like are
used. The reaction is carried out at from about O to about 50°
C. and complete in from about 1 to about 24 hours.

Alkanoylaminomethyl derivatives are prepared as follows:

Strategy L
OH
Rl
N B RCOCI
H,N X X N
| O base
Y
Y O

T OH
PPN [
gaaeVss
O

\Y)\O

These compounds are prepared in a similar manner to
Strategy K using acid chloride instead of sulfonyl chloride.
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Urea derivatives are prepared as follows:

Strategy M
R OH

/
LN NNy B\
J\ g
X
Y 0
0
s
N N XN, B
i i | o
X )\
Y 0

These compounds are prepared by treating the amine with
1 to 10 equivalent of corresponding isocyanate. As for the
solvent, dichloromethane, 1,2-dichloroethane, tetrahydrofu-
ran, acetonitrile, N,N-dimethylformamide, and the like are
used. The reaction is carried out at from about O to about 80°
C. and complete in from about 1 to about 24 hours.

RNCO

—_—

Alternatively, urea derivatives are prepared as follows:

Strategy N
OH
R! /
B
N P \ RNCOCI
| O base
x
Y 0

de ot
L CD
i i | 5
\)\
e 0

These compounds are prepared in a similar manner to
Strategy K using carbamoy] chloride instead of sulfonyl chlo-
ride.

5-Alkoxy derivatives are prepared as follows:

Strategy P
OH OH
B B/
RX
—_— \
O base O

HO RO

These compounds are prepared from 5-hydroxy derivative by
regular alkylation with from about 1 to about 10 equivalent of
alkyl halide (RX) and a base. As for the base, potassium
carbonate, sodium carbonate, cesium carbonate, sodium
hydride, potassium tert-butoxide, and the like are used. As for
the solvent, acetone, acetonitrile, tetrahydrofuran, dichlo-
romethane, N,N-dimethylformamide, and the like are used.
The reaction is carried out at from about 0 to about 100° C.
and complete in from about 1 to about 24 hours.

S-alkanoyloxy and 5-aryloyloxy derivatives are prepared
as follows:
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Strategy Q
OH
/
B RCOCI
\ Y -
O base
HO
OH
B/
0 N\
A g
R (0]

These compounds are prepared in a similar manner to
Strategy L.

The compounds of the invention can be converted into
hydrates and solvates by methods similar to those described
herein.

II1.f) Combinations Comprising Additional Therapeutic
Agents

The compounds of the invention may also be used in com-
bination with additional therapeutic agents. The invention
thus provides, in a further aspect, a combination comprising a
compound described herein or a pharmaceutically acceptable
salt thereof together with at least one additional therapeutic
agent. In an exemplary embodiment, the additional therapeu-
tic agent is a compound of the invention. In an exemplary
embodiment, the additional therapeutic agent includes a
boron atom. In an exemplary embodiment, the additional
therapeutic agent does not contain a boron atom. In an exem-
plary embodiment, the additional therapeutic agent is a com-
pound described in sections 1 a)-e).

When a compound of the invention is used in combination
with a second therapeutic agent active against the same dis-
ease state, the dose of each compound may differ from that
when the compound is used alone. Appropriate doses will be
readily appreciated by those skilled in the art. It will be
appreciated that the amount of a compound of the invention
required for use in treatment will vary with the nature of the
condition being treated and the age and the condition of the
patient and will be ultimately at the discretion of the attendant
physician or veterinarian. In an exemplary embodiment, the
additional therapeutic agent is an antiflammatory. In an exem-
plary embodiment, the additional therapeutic agent is a ste-
roid or cyclosporineor psoralen or UVA or retinoid or meth-
otrexete or vitamin D; analog. In an exemplary embodiment,
the steroid is a systemic steroid or a topical steroid. In an
exemplary embodiment, the additional therapeutic agent is
topical steroid or antihistamine or calcineurin inhibitor. In an
exemplary embodiment, the additional therapeutic agent is
CC-10004 or AWD-12-281. In an exemplary embodiment,
the additional therapeutic agent is a corticosteroid or a
NSAIDs. In an exemplary embodiment, the additional thera-
peutic agent is a PDE4 inhibitor. In an exemplary embodi-
ment, the additional therapeutic agent is rolipram or roflumi-
last.

The individual components of such combinations may be
administered either simultaneously or sequentially in a unit
dosage form. The unit dosage form may be a single or mul-
tiple unit dosage forms. In an exemplary embodiment, the
invention provides a combination in a single unit dosage
form. An example of a single unit dosage form is a capsule
wherein both the compound of the invention and the addi-
tional therapeutic agent are contained within the same cap-
sule. In an exemplary embodiment, the invention provides a
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combination in a two unit dosage form. An example of a two
unit dosage form is a first capsule which contains the com-
pound of the invention and a second capsule which contains
the additional therapeutic agent. Thus the term ‘single unit’ or
‘two unit’ or ‘multiple unit’ refers to the object which the
patient ingests, not to the interior components of the object.
Appropriate doses of known therapeutic agents will be
readily appreciated by those skilled in the art.

The combinations referred to herein may conveniently be
presented foruse in the form of a pharmaceutical formulation.
Thus, an exemplary embodiment of the invention is a phar-
maceutical formulation comprising a) a compound of the
invention; b) an additional therapeutic agent and c¢) a phar-
maceutically acceptable excipient. In an exemplary embodi-
ment, the pharmaceutical formulation is a unit dosage form.
In an exemplary embodiment, the pharmaceutical formula-
tion is a single unit dosage form. In an exemplary embodi-
ment, the pharmaceutical formulation is a two unit dosage
form. In an exemplary embodiment, the pharmaceutical for-
mulation is a two unit dosage form comprising a first unit
dosage form and a second unit dosage form, wherein the first
unit dosage form includes a) a compound of the invention and
b) a first pharmaceutically acceptable excipient; and the sec-
ond unit dosage form includes ¢) an additional therapeutic
agent and d) a second pharmaceutically acceptable excipient.

IV. The Methods

a) Decreasing the Production of a Cytokine and/or Chemok-
ine

In another aspect, the invention provides a method for
decreasing the production of a cytokine and/or a chemokine,
the method comprising: contacting a cell with a compound of
the invention, wherein production of the cytokine and/or
chemokine by the cell is decreased. In another aspect, the
invention provides a method for decreasing the production of
a cytokine and/or a chemokine, the method comprising: con-
tacting a cell with a compound described herein or a pharma-
ceutically acceptable salt thereof, wherein production of the
cytokine and/or chemokine by the cell is decreased. In an
exemplary embodiment, the compound of the invention is a
compound described herein, or a pharmaceutically accept-
able salt thereof. In an exemplary embodiment, the compound
of'the invention is a compound described herein. In an exem-
plary embodiment, the cell is contacted with a therapeutically
effective amount of the compound. In an exemplary embodi-
ment, the compound is according to a formula described
herein. In an exemplary embodiment, the compound is a
member selected from C1, C2, C3, C4, C5, C6, C7, C8, C9,
C10, C11, C12, C13, C14, C15, C16, C17, C18, C19, C20,
C21, C22, C23, C24, C25, C26, C27, C28, C29, C30, C31,
C32, C33, C34, C35, C36, C37, C38, C39, C40, C41, C42,
C43, C44, C45, C46, C47, C48, C49, C50, C51, C52, C53,
CM, C55, C56, C57, C58, C59, C60, C61, C62, C63, C64,
C65, C66, C67, C68, C69, C70, C71, C72, C73, C74, C75,
C76, C77, C78, C79, C80, C81, C82, C83, C84, C85, C86,
C87, C88, €89, C90, C91, C92, C93, C94, C95, C96, C97,
(98, C99 and C100. In an exemplary embodiment, the com-
pound is a member selected from D1, D2, D3, D4, DS, D6,
D7,D8,D9,D10,D11,D12,D13,D14,D15,D16,D17,D18,
D19, D20, D21, D22, D23, D24, D25, D26, D27, D28, D29,
D30, D31, D32, D33, D34, D35, D36, D37, D38, D39, D40,
D41, D42, D43, D44, D45, D46, D47, D48, D49, D50, D51,
D52, D53, D54, D55, D56, D57, D58, D59, D60, D61, D62,
D63, D64, D65, D66, D67, D68, D69, D70, D71, D72, D73,
D74, D75, D76,D77, D78, D79, D80, D81, D82, D83, D84,
D85, D86, D87, D88, D89, D90, D91, D92, D93, D94, D95,
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D96, D97, D98, D99, D100, D101, D102, D103, D104,
D105, D106, D107, D108, D109, D110, D111, D112, D113,
D114,D115,D116,D117, D118, D119, D120, D121, D122,
D123,D124,D125,D126, D127, D128, D129, D130, D131,
D132, D133, D134, D135, D136, D137, D138, D139, D140,
D141, D142,D143, D144, D145, D146,D147, D148, D149,
D150, D151, D152, D153, D154, D155, D156, D157, D158,
D159, D160, D161, D162, D163, D164, D165, D166, D167,
D168, D169, D170,D171, D172, D173, D174, D175, D176,
D177,D178,D179,D180, D181, D182, D183, D184, D185,
D186, D187, D188, D189, D190, D191, D192, D193, D194,
D195, D196, D197, D198, D199, D200, D201, D202, D203,
D204, D205, D206, D207, D208, D209, D210, D211, D212,
D213,D214,D215,D216, D217, D218, D219, D220, D221,
D222, D223, D224, D225, D226, D227, D228 and D229. In
an exemplary embodiment, the compound is C17. In another
exemplary embodiment, the compound is C27. In another
exemplary embodiment, the compound is C23 or C24. In
another exemplary embodiment, the compound is C25. In
another exemplary embodiment, the compound is C26. In
another exemplary embodiment, the compound is C37. In an
exemplary embodiment, the compound is a member selected
from D46, D86, D99, D100, D107, D108, D114, D122,
D125, D126, D127, D128, D131, D140 and D141, and salts
thereof. In an exemplary embodiment, the compound is a
member selected from D95, D96, D97, D102, D110, D111,
D113, D115, D121, D129, D130, D132, and salts thereof. In
an exemplary embodiment, the compound is a member
selected from D47, D109, D116, D118, D119, D120, D123,
and salts thereof. In an exemplary embodiment, the com-
pound is a member selected from D98, D101, D106, and salts
thereof. In an exemplary embodiment, the compound is a
member selected from D11, D12, D37, D38, D39, D40, D41,
D42, D43, D124, D142, D143, D146, and salts thereof. In an
exemplary embodiment, the compound is a member selected
from D14, D15, D16, D17, D28, D29, D30, D31, D133,
D134, D135, D144, D145, D147, and salts thereof.

In an exemplary embodiment, the method is for decreasing
the production of a cytokine, which is a TH1 cytokine. In an
exemplary embodiment, the TH1 cytokine is a member
selected from IFN-y and IL-2.

In an exemplary embodiment, the method is for decreasing
the production of a cytokine, which is a TH2 cytokine. In an
exemplary embodiment, the TH2 cytokine is a member
selected from IL-4, IL-5 and IL-10.

In an exemplary embodiment, the method is for decreasing
the production of a cytokine, which is a member selected
from IL-1ex, IL-18, IL-2,IL-3, IL-6, IL-7, 1L-9, IL-12, IL-17,
1L-18, 1IL-23, TNF-a., LT, LIF, Oncostatin, [FNa, IFN[ and
IFN-y. In another exemplary embodiment, the cytokine is a
member selected from IL-1p, IL-2, IL-3, IL-6, IL-7, IL-9,
1L-12, IL-23, TNF-a, LT, LIF, Oncostatin, and IFN-y. In
another exemplary embodiment, the cytokine is a member
selected from IL-1f, IL-2, IL-23, TNF-a and IFN-y. In
another exemplary embodiment, the cytokine is TNF-ca.

In an exemplary embodiment, the method is for decreasing
the release of a cytokine, which is a member selected from
1IL-1p, 1L-2, IL-4, IL-5, IL-6, IL-8, IL-1f, IL-12, IL-23,
TNF-c. and IFN-y.

In an exemplary embodiment, the method is for decreasing
the production of a cytokine, which is a member selected
from IL-4, IL-18, IL-11, W-13 and TGF-p.

In an exemplary embodiment, the method is for decreasing
the production of a chemokine, which is a member selected
from IL-8, Gro-a,, MIP-1, MCP-1, PGE2, ENA-78, and
RANTES. In an exemplary embodiment, the chemokine is a
member selected from MCP-1 and PGE2.
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In an exemplary embodiment, for any of the methods
described herein, the compound of the invention is present in
an amount which will inhibit the production of a cytokine
and/or a chemokine by at least about 5 to about 100%, or at
least about 30 to about 100%, 40 to about 100%, or at least
about 50 to about 100%, or at least about 60 to about 100%, or
at least about 70 to about 100%, or at least about 80 to about
100%, or at least about 90 to about 100%, or at least about 30
to about 70%, or at least about 40 to about 90%, or at least
about 45 to about 80%, or at least about 55 to about 75%, or
at least about 75 to about 98%, or at least about 55 to about
99%, or at least about 5% to about 20% or at least about 10%
to about 25%. In an exemplary embodiment, the compound of
the invention is a compound described herein.

b) Increasing the Production of a Cytokine and/or a Chemok-
ine

In another aspect, the invention provides a method for
increasing the production of a cytokine and/or a chemokine,
the method comprising: contacting a cell with a compound of
the invention, wherein production of the cytokine and/or
chemokine by the cell is increased. In an exemplary embodi-
ment, the compound is described herein or a pharmaceuti-
cally acceptable salt thereof. In an exemplary embodiment,
the compound of the invention is a compound described
herein. In an exemplary embodiment, the cell is contacted
with a therapeutically effective amount of the compound. In
an exemplary embodiment, the compound is according to a
formula described herein. In an exemplary embodiment, the
compound is amember selected from C1, C2,C3,C4,C5, C6,
C7,C8, C9,Cl10, Cl11, C12,C13,C14,C15,Cl16,C17, C18,
C19, C20, C21, C22, C23, C24, C25, C26, C27, C28, C29,
C30, C31, C32, C33, C34, C35, C36, C37, C38, C39, C40,
C41, C42, C43, C44, C45, C46, C47, C48, C49, C50, C51,
C52, C53, CM, C55, C56, C57, C58, C59, C60, C61, C62,
C63, C64, C65, C66, C67, C68, C69, C70, C71, C72, C73,
C74, C75,C76, C77, C78, C79, C80, C81, C82, C83, C84,
C85, C86, C87, C88, C89, C90, CI91, C92, C93, C94, C95,
C96,C97,C98, C99 and C100. In an exemplary embodiment,
the compound is a member selected from D1, D2, D3, D4,
D5, D6, D7, D8, D9, D10, D11, D12, D13, D14, D15, D16,
D17, D18, D19, D20, D21, D22, D23, D24, D25, D26, D27,
D28, D29, D30, D31, D32, D33, D34, D35, D36, D37, D38,
D39, D40, D41, D42, D43, D44, D45, D46, D47, D48, D49,
D50, D51, D52, D53, D54, D55, D56, D57, D58, D59, D60,
D61, D62, D63, D64, D65, D66, D67, D68, D69, D70, D71,
D72, D73, D74, D75, D76, D77, D78, D79, D80, D81, D82,
D83, D84, D85, D86, D87, D88, D89, D90, D91, D92, D93,
D94, D95, D96, D97, D98, D99, D100, D101, D102, D103,
D104, D105, D106, D107, D108, D109, D110, D111, D112,
D113,D114,D115,D116,D117,D118,D119, D120, D121,
D122, D123,D124, D125, D126,D127, D128, D129, D130,
D131, D132, D133, D134, D135, D136, D137, D138, D139,
D140, D141, D142, D143, D144, D145,D146, D147, D148,
D149, D150, D151, D152, D153, D154, D155, D156, D157,
D158, D159, D160, D161, D162, D163, D164, D165, D166,
D167,D168, D169, D170, D171, D172, D173, D174, D175,
D176,D177,D178, D179, D180, D181, D182, D183, D184,
D185, D186, D187, D188, D189, D190, D191, D192, D193,
D194, D195, D196, D197, D198, D199, D200, D201, D202,
D203, D204, D205, D206, D207, D208, D209, D210, D211,
D212,D213,D214, D215, D216,D217, D218, D219, D220,
D221, D222, D223, D224, D225, D226, D227, D228 and
D229. In an exemplary embodiment, the compound is C17.In
another exemplary embodiment, the compound is C27. In
another exemplary embodiment, the compound is C23 or
C24. In another exemplary embodiment, the compound is
C26.
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In an exemplary embodiment, the method is for increasing
the production of a cytokine, which is a TH1 cytokine. In an
exemplary embodiment, the TH1 cytokine is a member
selected from IFN-y and IL-2.

In an exemplary embodiment, the method is for increasing
the production of a cytokine, which is a TH2 cytokine. In an
exemplary embodiment, the TH2 cytokine is a member
selected from IL-4, IL-5 and IL-10.

In an exemplary embodiment, the method is for increasing
the production of a cytokine, which is a member selected
from IL-4, IL-18, IL-11, W-13 and TGF-p.

In an exemplary embodiment, the method is for increasing
the production of a chemokine, which is a member selected
from IL-8, Gro-a,, MIP-1, MCP-1, PGE2, ENA-78, and
RANTES. In an exemplary embodiment, the chemokine is a
member selected from MCP-1 and PGE2.

In an exemplary embodiment, for any of the methods
described herein, the compound of the invention is present in
an amount which will increase the production of a cytokine
and/or a chemokine by at least about 5 to about 100%, or at
least about 30 to about 100%, 40 to about 100%, or at least
about 50 to about 100%, or at least about 60 to about 100%, or
at least about 70 to about 100%, or at least about 80 to about
100%, or at least about 90 to about 100%, or at least about 30
to about 70%, or at least about 40 to about 90%, or at least
about 45 to about 80%, or at least about 55 to about 75%, or
at least about 75 to about 98%, or at least about 55 to about
99%, or at least about 5% to about 20% or at least about 10%
to about 25%. In an exemplary embodiment, the compound of
the invention is a compound described herein.
¢) Decreasing the Release of a Cytokine and/or Chemokine

In another aspect, the invention provides a method for
decreasing the release of a cytokine and/or a chemokine, the
method comprising: contacting a cell with a compound of the
invention, wherein the release of the cytokine and/or chemok-
ine by the cell is decreased. In an exemplary embodiment, the
compound of the invention is a compound described herein or
apharmaceutically acceptable salt thereof. The compound of
the invention is a compound described herein. In an exem-
plary embodiment, the cell is contacted with a therapeutically
effective amount of the compound. In an exemplary embodi-
ment, the compound is according to a formula described
herein. In an exemplary embodiment, the compound is a
member selected from C1, C2, C3, C4, C5, C6, C7, C8, C9,
C10, C11, C12, C13, C14, C15, C16, C17, C18, C19, C20,
C21, C22, C23, C24, C25, C26, C27, C28, C29, C30, C31,
C32, C33, C34, C35, C36, C37, C38, C39, C40, C41, C42,
C43, C44, C45, C46, C47, C48, C49, C50, C51, C52, C53,
CM, C55, C56, C57, C58, C59, C60, C61, C62, C63, C64,
C65, C66, C67, C68, C69, C70, C71, C72, C73, C74, C75,
C76, C77, C78, C79, C80, C81, C82, C83, C84, C85, C86,
C87, C88, €89, C90, C91, C92, C93, C94, C95, C96, C97,
(98, C99 and C100. In an exemplary embodiment, the com-
pound is a member selected from D1, D2, D3, D4, DS, D6,
D7,D8,D9,D10,D11,D12,D13,D14,D15,D16,D17,D18,
D19, D20, D21, D22, D23, D24, D25, D26, D27, D28, D29,
D30, D31, D32, D33, D34, D35, D36, D37, D38, D39, D40,
D41, D42, D43, D44, D45, D46, D47, D48, D49, D50, D51,
D52, D53, D54, D55, D56, D57, D58, D59, D60, D61, D62,
D63, D64, D65, D66, D67, D68, D69, D70, D71, D72, D73,
D74,D75,D76,D77, D78, D79, D80, D81, D82, D83, D84,
D85, D86, D87, D88, D89, D90, D91, D92, D93, D94, D95,
D96, D97, D98, D99, D100, D101, D102, D103, D104,
D105, D106, D107, D108, D109, D110, D111, D112, D113,
D114,D115,D116,D117, D118, D119, D120, D121, D122,
D123,D124,D125,D126, D127, D128, D129, D130, D131,
D132, D133, D134, D135, D136, D137, D138, D139, D140,
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D141, D142, D143, D144, D145,D146, D147, D148, D149,
D150, D151, D152, D153, D154, D155, D156, D157, D158,
D159, D160, D161, D162, D163, D164, D165, D166, D167,
D168, D169, D170, D171, D172,D173, D174, D175, D176,
D177,D178,D179, D180, D181, D182, D183, D184, D185,
D186, D187, D188, D189, D190, D191, D192, D193, D194,
D195, D196, D197, D198, D199, D200, D201, D202, D203,
D204, D205, D206, D207, D208, D209, D210, D211, D212,
D213, D214,D215, D216, D217,D218, D219, D220, D221,
D222, D223, D224, D225, D226, D227, D228 and D229. In
an exemplary embodiment, the compound is C17. In another
exemplary embodiment, the compound is C27. In another
exemplary embodiment, the compound is C23 or C24. In
another exemplary embodiment, the compound is C25. In
another exemplary embodiment, the compound is C26. In
another exemplary embodiment, the compound is C37. In an
exemplary embodiment, the compound is a member selected
from D46, D86, D99, D100, D107, D108, D114, D122,
D125, D126, D127, D128, D131, D140 and D141, and salts
thereof. In an exemplary embodiment, the compound is a
member selected from D95, D96, D97, D102, D110, D111,
D113, D115, D121, D129, D130, D132, and salts thereof. In
an exemplary embodiment, the compound is a member
selected from D47, D109, D116, D118, D119, D120, D123,
and salts thereof. In an exemplary embodiment, the com-
pound is a member selected from D98, D101, D106, and salts
thereof. In an exemplary embodiment, the compound is a
member selected from D11, D12, D37, D38, D39, D40, D41,
D42, D43, D124, D142, D143, D146, and salts thereof. In an
exemplary embodiment, the compound is a member selected
from D14, D15, D16, D17, D28, D29, D30, D31, D133,
D134, D135, D144, D145, D147, and salts thereof.

In an exemplary embodiment, the method is for decreasing
the release of a cytokine, which is a TH1 cytokine. In an
exemplary embodiment, the TH1 cytokine is a member
selected from IFN-y and IL-2.

In an exemplary embodiment, the method is for decreasing
the release of a cytokine, which is a TH2 cytokine. In an
exemplary embodiment, the TH2 cytokine is a member
selected from IL-4, IL-5 and IL-10.

In an exemplary embodiment, the method is for decreasing
the release of a cytokine, which is a member selected from
IL-1e, IL-1B, IL-2, IL-3, IL-6, IL-7, IL-9, IL-12, IL-17,
1L-18, 1IL-23, TNF-a., LT, LIF, Oncostatin, [FNa, IFN( and
IFN-y. In another exemplary embodiment, the cytokine is a
member selected from IL-1f, IL-2, IL-3, IL-6, IL-7, IL.-9,
1L-12, IL-23, TNF-a, LT, LIF, Oncostatin, and IFN-y. In
another exemplary embodiment, the cytokine is a member
selected from IL-1f, IL-2, IL-23, TNF-a and IFN-y. In
another exemplary embodiment, the cytokine is TNF-a. In
another exemplary embodiment, the cytokine is IFN-y.

In an exemplary embodiment, the method is for decreasing
the release of a cytokine, which is a member selected from
IL-18, IL-2, 1L-4, IL-5, IL-6, IL-8, IL-1f, IL-12, 1L-23,
TNF-c. and IFN-y.

In an exemplary embodiment, the compound of the inven-
tion decreases the release of 1L-1f, 1L-2, IL-4, IL-5, IL-6,
1L-8,1L-1p, IL-12,11.-23, TNF-ct and IFN-y. In an exemplary
embodiment, the compound is C17.

In an exemplary embodiment, the method is for decreasing
the release of a cytokine, which is a member selected from
1L-4, IL-1p, IL-11, W-13 and TGF-f.

In an exemplary embodiment, the method is for decreasing
the release of a chemokine, which is a member selected from
1L-8, Gro-a, MIP-1, MCP-1, PGE2, ENA-78, and RANTES.
In an exemplary embodiment, the chemokine is a member
selected from MCP-1 and PGE2. In an exemplary embodi-
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ment, the compound is C17 and the chemokine is a member
selected from MCP-1 and PGE2.

In an exemplary embodiment, the compound of the inven-
tion decreases the release of TNF-a, IL.-2, IFNy, IL-5, and
IL-1pP. In an exemplary embodiment, the compound of the
invention does not substantially decrease the release of IL-13,
IL-6 and IL.-8. In an exemplary embodiment, the compound
of'the invention does not substantially decrease the release of
IL-1pP. In an exemplary embodiment, the compound of the
invention does not substantially decrease the release of IL-4.
In an exemplary embodiment, the compound decreases the
release of I[.-12 and I.-23. In an exemplary embodiment, the
compound is C27.

In an exemplary embodiment, for any of the methods
described herein, the compound of the invention is present in
an amount which will decrease the release of a cytokine
and/or a chemokine by at least about 5 to about 100%, or at
least about 30 to about 100%, 40 to about 100%, or at least
about 50 to about 100%, or at least about 60 to about 100%, or
at least about 70 to about 100%, or at least about 80 to about
100%, or at least about 90 to about 100%, or at least about 30
to about 70%, or at least about 40 to about 90%, or at least
about 45 to about 80%, or at least about 55 to about 75%, or
at least about 75 to about 98%, or at least about 55 to about
99%, or at least about 5% to about 20% or at least about 10%
to about 25%. In another exemplary embodiment, the com-
pound of the invention is a compound described herein or a
pharmaceutically acceptable salt thereof.

d) Increasing the Release of a Cytokine and/or a Chemokine

In another aspect, the invention provides a method for
increasing the production of a cytokine and/or a chemokine,
the method comprising: contacting a cell with a compound of
the invention, wherein release of the cytokine and/or chemok-
ine by the cell is increased. In an exemplary embodiment, the
compound of the invention is a compound described herein or
a pharmaceutically acceptable salt thereof. In an exemplary
embodiment, the compound is described herein. In an exem-
plary embodiment, the cell is contacted with a therapeutically
effective amount of the compound. In an exemplary embodi-
ment, the compound is according to a formula described
herein. In an exemplary embodiment, the compound is a
member selected from C1, C2, C3, C4, C5, C6, C7, C8, C9,
C10, C11, C12, C13, C14, C15, C16, C17, C18, C19, C20,
C21, C22, C23, C24, C25, C26, C27, C28, C29, C30, C31,
C32, C33, C34, C35, C36, C37, C38, C39, C40, C41, C42,
C43, C44, C45, C46, C47, C48, C49, C50, C51, C52, C53,
C54, C55, C56, C57, C58, C59, C60, C61, C62, C63, C64,
C65, C66, C67, C68, C69, C70, C71, C72, C73, C74, C75,
C76, C77, C78, C79, C80, C81, C82, C83, C84, C85, C86,
C87,(88,(C89,C90,C91,C92,C93,C9%,C95and C96.Inan
exemplary embodiment, the compound is a member selected
from D1, D2, D3, D4, D5, D6, D7, D8, D9, D10, D11, D12,
D13, D14, D15, D16, D17, D18, D19, D20, D21, D22, D23,
D24, D25, D26, D27, D28, D29, D30, D31, D32, D33, D34,
D35, D36, D37, D38, D39, D40, D41, D42, D43, D44, D45,
D46, D47, D48, D49, D50, D51, D52, D53, D54, D55, D56,
D57, D58, D59, D60, D61, D62, D63, D64, D65, D66, D67,
D68, D69, D70, D71, D72, D73, D74, D75, D76, D77, D78,
D79, D80, D81, D82, D83, D84, D85, D86, D87, D88, D89,
D90, D91, D92, D93, D94, D95, D96, D97, D98, D99, D100,
D101, D102, D103, D104, D105, D106, D107, D108, D109,
D110,D111,D112,D113,D114,D115,D116, D117, D118,
D119, D120,D121, D122, D123, D124, D125, D126, D127,
D128, D129, D130, D131, D132, D133, D134, D135, D136,
D137,D138,D139, D140, D141, D142, D143, D144, D145,
D146, D147,D148, D149, D150, D151, D152, D153, D154,
D155, D156, D157, D158, D159, D160, D161, D162, D163,
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D164, D165, D166, D167, D168, D169, D170, D171, D172,
D173,D174,D175,D176,D177,D178,D179, D180, D181,
D182, D183, D184, D185, D186, D187, D188, D189, D190,
D191, D192, D193, D194, D195, D196, D197, D198, D199,
D200, D201, D202, D203, D204, D205, D206, D207, D208,
D209, D210, D211, D212, D213, D214, D215, D216, D217,
D218, D219, D220, D221, D222, D223, D224, D225, D226,
D227, D228 and D229. In an exemplary embodiment, the
compound is C17. In another exemplary embodiment, the
compound is C27. In another exemplary embodiment, the
compound is C23 or C24. In another exemplary embodiment,
the compound is C26.

In an exemplary embodiment, the method is for increasing
the release of a cytokine, which is a TH1 cytokine. In an
exemplary embodiment, the TH1 cytokine is a member
selected from IFN-y and IL-2.

In an exemplary embodiment, the method is for increasing
the release of a cytokine, which is a TH2 cytokine. In an
exemplary embodiment, the TH2 cytokine is a member
selected from IL-4, IL-5 and IL-10.

In an exemplary embodiment, the method is for increasing
the release of a cytokine, which is a member selected from
1L-4, IL-1p, IL-11, W-13 and TGF-f.

In an exemplary embodiment, the method is for increasing
the release of a chemokine, which is a member selected from
1L-8, Gro-a, MIP-1, MCP-1, PGE2, ENA-78, and RANTES.
In an exemplary embodiment, the chemokine is a member
selected from MCP-1 and PGE2.

In an exemplary embodiment, for any of the methods
described herein, the compound of the invention is present in
an amount which will increase release of a cytokine and/or a
chemokine by at least about 5 to about 100%, or at least about
30 to about 100%, 40 to about 100%, or at least about 50 to
about 100%, or at least about 60 to about 100%, or at least
about 70 to about 100%, or at least about 80 to about 100%, or
at least about 90 to about 100%, or at least about 30 to about
70%, or at least about 40 to about 90%, or at least about 45 to
about 80%, or at least about 55 to about 75%, or at least about
75 to about 98%, or at least about 55 to about 99%, or at least
about 5% to about 20% or atleast about 10% to about 25%. In
an exemplary embodiment, the compound of the invention is
a compound described herein or a pharmaceutically accept-
able salt thereof.

e) Inhibiting a Phosphodiesterase

In another aspect, the invention provides a method for
inhibiting a phosphodiesterase (PDE), the method compris-
ing: contacting the phosphodiesterase with a compound of the
invention, wherein the phosphodiesterase is inhibited. In an
exemplary embodiment, the compound of the invention is a
compound described herein or a pharmaceutically acceptable
salt thereof. In an exemplary embodiment, the compound of
the invention is a compound described herein. In an exem-
plary embodiment, the amount of the compound is a thera-
peutically effective amount. In an exemplary embodiment,
the compound is according to a formula described herein. In
an exemplary embodiment, the compound is according to the
following formula:

RrR!
(l)/
G, B
D@
D. W
NN
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wherein B is boron. R! is a member selected from a negative
charge, a salt counterion, H, cyano, substituted or unsubsti-
tuted alkyl, substituted or unsubstituted heteroalkyl, substi-
tuted or unsubstituted cycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted aryl, and sub-
stituted or unsubstituted heteroaryl. M is a member selected
from oxygen, sulfur and NR?. R? is a member selected from
H, substituted or unsubstituted alkyl, substituted or unsubsti-
tuted heteroalkyl, substituted or unsubstituted cycloalkyl,
substituted or unsubstituted heterocycloalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted het-
eroaryl. I is amember selected from (CR*R*),,; and CR>. R?,
R*, and R® are members independently selected from H,
cyano, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl, and substituted or unsubsti-
tuted heteroaryl. nl is an integer selected from O to 2. Wis a
member selected from C—O (carbonyl), (CR°R”),, and
CR®. RS R’, and R® are members independently selected
from H, cyano, substituted or unsubstituted alkyl, substituted
or unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl, and substituted or unsubsti-
tuted heteroaryl. m1 is an integer selected from 0 and 1. A is
a member selected from CR® and N. D is a member selected
from CR'® and N. E is a member selected from CR'" and N.
G is a member selected from CR!? and N. R®, R!°, R!! and
R'? are members independently selected from H, OR*,
NR*R** SR* —S(O)R*, —S(0O),R*, —S(0O),NR¥R**,
—C(O)R*, —C(O)OR*, —C(O)NR*R**_ nitro, halogen,
cyano, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl, and substituted or unsubsti-
tuted heteroaryl, wherein each R* and R** are members
independently selected from H, nitro, halogen, cyano, substi-
tuted or unsubstituted alkyl, substituted or unsubstituted het-
eroalkyl, substituted or unsubstituted cycloalkyl, substituted
or unsubstituted heterocycloalkyl, substituted or unsubsti-
tuted aryl, and substituted or unsubstituted heteroaryl. The
combination of nitrogens (A+D+E+G) is an integer selected
from O to 3. A member selected from R?, R* and R® and a
member selected from R®, R” and R®, together with the atoms
to which they are attached, are optionally joined to forma 4 to
7 membered ring. R® and R*, together with the atoms to which
they are attached, are optionally joined to form a 4 to 7
membered ring. R and R, together with the atoms to which
they are attached, are optionally joined to form a 4 to 7
membered ring. R® and R'°, together with the atoms to which
they are attached, are optionally joined to form a 4 to 7
membered ring. R'® and R'', together with the atoms to
which they are attached, are optionally joined to forma 4 to 7
membered ring. R'* and R'?, together with the atoms to
which they are attached, are optionally joined to forma 4 to 7
membered ring.

In an exemplary embodiment, the compound is a member
selected from Cl, C2, C3, C4, C5, C6, C7,C8,C9,C10,Cl11,
C12, C13, C14, C15, C16, C17, C18, C19, C20, C21, C22,
C23, C24, C25, C26, C27, C28, C29, C30, C31, C32, C33,
C34, C35, C36, C37, C38, C39, C40, C41, C42, C43, C44,
C45, C46, C47, C48, C49, C50, C51, C52, C53, CM, C55,
C56, C57, C58, C59, C60, C61, C62, C63, C64, C65, C66,
C67, C68, C69, C70, C71, C72, C73, C74, C75, C76, C77,
C78, C79, C80, C81, C82, C83, C84, C85, C86, C87, C88,
C89, C90, C91, C92, C93, C94, CI95 and CI6, or a pharma-
ceutically acceptable salt thereof. In an exemplary embodi-
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ment, the compound is a member selected from D1, D2, D3,
D4, D5, D6, D7, D8, D9, D10, D11, D12, D13, D14, D15,
D16,D17, D18, D19, D20, D21, D22, D23, D24, D25, D26,
D27, D28, D29, D30, D31, D32, D33, D34, D35, D36, D37,
D38, D39, D40, D41, D42, D43, D44, D45, D46, D47, D48,
D49, D50, D51, D52, D53, D54, D55, D56, D57, D58, D59,
D60, D61, D62, D63, D64, D65, D66, D67, D68, D69, D70,
D71, D72, D73, D74, D75,D76,D77, D78, D79, D80, D81,
D82, D83, D84, D85, D86, D87, D88, D89, D90, D91, D92,
D93, D94, D95, D96, D97, D98, D99, D100, D101, D102,
D103, D104, D105, D106, D107, D108, D109, D110, D111,
D112,D113,D114,D115,D116,D117,D118, D119, D120,
D121, D122,D123, D124, D125,D126,D127, D128, D129,
D130, D131, D132, D133, D134, D135, D136, D137, D138,
D139, D140, D141, D142, D143, D144, D145, D146, D147,
D148, D149, D150, D151, D152, D153, D154, D155, D156,
D157,D158, D159, D160, D161, D162, D163, D164, D165,
D166, D167,D168, D169, D170, D171, D172, D173, D174,
D175,D176,D177, D178, D179, D180, D181, D182, D183,
D184, D185, D186, D187, D188, D189, D190, D191, D192,
D193, D194, D195, D196, D197, D198, D199, D200, D201,
D202, D203, D204, D205, D206, D207, D208, D209, D210,
D211,D212,D213, D214, D215,D216,D217, D218, D219,
D220, D221, D222, D223, D224, D225, D226, D227, D228
and D229. In an exemplary embodiment, the compound is
C17. In another exemplary embodiment,
C27. In another exemplary embodiment,
C23. In another exemplary embodiment,
C24. In another exemplary embodiment,
C25. In another exemplary embodiment,
C26. In an exemplary embodiment, the compound is a mem-
ber selected from D46, D86, D99, D100, D107, D108, D114,
D122,D125,D126,D127,D128,D131,D140and D141, and
salts thereof. In an exemplary embodiment, the compound is
a member selected from D95, D96, D97, D102, D110, D111,
D113, D115, D121, D129, D130, D132, and salts thereof. In
an exemplary embodiment, the compound is a member
selected from D47, D109, D116, D118, D119, D120, D123,
and salts thereof. In an exemplary embodiment, the com-
pound is a member selected from D98, D101, D106, and salts
thereof. In an exemplary embodiment, the compound is a
member selected from D11, D12, D37, D38, D39, D40, D41,
D42, D43, D124, D142, D143, D146, and salts thereof. In an
exemplary embodiment, the compound is a member selected
from D14, D15, D16, D17, D28, D29, D30, D31, D133,
D134, D135, D144, D145, D147, and salts thereof.

In an exemplary embodiment, the compound is a member
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5-(2-Cyanophenoxy)-1,3-dihydro-1-hydroxy-2,1-benzox- 5-(5-Cyanopyridin-2-yloxy)-1,3-dihydro-1-hydroxy-2,1-
aborole benzoxaborole
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4-(1-Hydroxy-1,3-dihydro-benzo|c][ 1,2]oxaborol-5-yloxy)-
benzoic acid isopropyl ester
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4-(1-Hydroxy-1,3-dihydro-benzo|c][ 1,2]oxaborol-5-yloxy)-
benzoic acid 2-dimethylamino-ethyl ester
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1-{4-[4-(1-Hydroxy-1,3-dihydro-benzo[c][1,2]oxaborol-5-
yloxy)-benzoyl]-piperazin-1-yl}-ethanone
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N-(2-Dimethylamino-ethyl)-4-(1-hydroxy-1,3-dihydro-
benzo[c][1,2]oxaborol-5-yloxy)-benzamide
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2-(1-Hydroxy-1,3-dihydro-benzo[c][1,2]oxaborol-5-yloxy)-
pyrimidine-5-carboxylic acid methyl ester

OH;
H;CO,C B/
Xy \
| /I\ g
=
N O

2-(1-Hydroxy-1,3-dihydro-benzo[c][1,2]oxaborol-5-yloxy)-
thiazole-4-carboxylic acid methyl ester
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thiazole-5-carboxylic acid methyl ester
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5-(1-Hydroxy-1,3-dihydro-benzo[c][1,2]oxaborol-5-yloxy)-
pyridine-2-carboxylic acid ethyl ester
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In an exemplary embodiment, the phosphodiesterase is a
member selected from PDE1, PDE2, PDE3, PDE4, PDES,
PDE6, PDE7, PDES, PDE9, PDE10 and PDE11. In an exem-
plary embodiment, the phosphodiesterase is PDE4. In an
exemplary embodiment, the PDE4 is a member selected from
PDE4A, PDE4B, PDE4C and PDE4D. In an exemplary
embodiment, the PDE4 is PDE4B. In an exemplary embodi-
ment, the phosphodiesterase is PDE7.

In an exemplary embodiment, the invention provides a
method for inhibiting a phosphodiesterase4 (PDE4), but not
significantly inhibiting at least one PDE which is a member
selected from PDE1, PDE2, PDE3, PDES and PDE6, involv-
ing contacting a cell with a compound of the invention,
thereby providing said inhibition. In an exemplary the com-
pound is C27.

In another exemplary embodiment, the invention provides
a method for inhibiting a phosphodiesterase4 (PDE4), the
method comprising: contacting the phosphodiesterase with
C17, or a pharmaceutically acceptable salt thereof, wherein
the phosphodiesterase4 (PDE4) is inhibited. In another exem-
plary embodiment, the invention provides a method for inhib-
iting a phosphodiesterase7 (PDE7), the method comprising:
contacting the phosphodiesterase with C17, or a pharmaceu-
tically acceptable salt thereof, wherein the phosphodi-
esterase7 (PDE7) is inhibited. In another exemplary embodi-
ment, the invention provides a method for inhibiting a
phosphodiesterase4 (PDE4), the method comprising: con-
tacting the phosphodiesterase with C27, or a pharmaceuti-
cally acceptable salt thereof, wherein the phosphodiesterase4
(PDE4) is inhibited. In another exemplary embodiment, the
invention provides a method for inhibiting a phosphodi-
esterase7 (PDE7), the method comprising: contacting the
phosphodiesterase with C27, or a pharmaceutically accept-
able salt thereof, wherein the phosphodiesterase7 (PDE7) is
inhibited. In an exemplary embodiment, the amount of the
compound is a therapeutically effective amount.

In another exemplary embodiment, the invention provides
a method for inhibiting a phosphodiesterase4 (PDE4), the
method comprising: contacting the phosphodiesterase with
C23 or C24 or C25, or a pharmaceutically acceptable salt
thereof, wherein the phosphodiesterase4 (PDE4) is inhibited.

In another exemplary embodiment, the invention provides
a method for inhibiting a phosphodiesterase4 (PDE4), the
method comprising: contacting the phosphodiesterase with
D46 or D86 or D99 or D100 or D107 or D108 or D114 or
D1220rD1250rD126 or D127 or D128 0r D131 or D140 and
D141, or a pharmaceutically acceptable salt thereof, wherein
the phosphodiesterase4 (PDE4) is inhibited.

In another exemplary embodiment, the invention provides
a method for inhibiting a phosphodiesterase4 (PDE4), the
method comprising: contacting the phosphodiesterase with
D95 or D96 or D97 or D102 or D110 or D111 or D113 or
D115 or D121 or D129 or D130 or D132, and, or a pharma-
ceutically acceptable salt thereof, wherein the phosphodi-
esterase4 (PDE4) is inhibited.

In another exemplary embodiment, the invention provides
a method for inhibiting a phosphodiesterase4 (PDE4), the
method comprising: contacting the phosphodiesterase with
D470rD1090rD1160orD118 orD119 or D120 or D123, and,
or a pharmaceutically acceptable salt thereof, wherein the
phosphodiesterase4 (PDE4) is inhibited.

In another exemplary embodiment, the invention provides
a method for inhibiting a phosphodiesterase4 (PDE4), the
method comprising: contacting the phosphodiesterase with
D98 or D101 or D106, and, or a pharmaceutically acceptable
saltthereof, wherein the phosphodiesterase4 (PDE4) is inhib-
ited.
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In another exemplary embodiment, the invention provides
a method for inhibiting a phosphodiesterase4 (PDE4), the
method comprising: contacting the phosphodiesterase with
D11 or D12 or D37 or D38 or D39 or D40 or D41 or D42 or
D43 or D124 or D142 or D143 or D146, and, or a pharma-
ceutically acceptable salt thereof, wherein the phosphodi-
esterase4 (PDE4) is inhibited.

In another exemplary embodiment, the invention provides
a method for inhibiting a phosphodiesterase4 (PDE4), the
method comprising: contacting the phosphodiesterase with
D14 or D15 or D16 or D17 or D28 or D29 or D30 or D31 or
D133 or D134 or D135 or D144 or D145 or D147, and, or a
pharmaceutically acceptable salt thereof, wherein the phos-
phodiesterase4 (PDE4) is inhibited.

In an exemplary embodiment, for any of the methods
described herein, the of the invention, or a compound
described by a formula presented herein, is present in an
amount which will inhibit a phosphodiesterase described
herein by at least about 5 to about 100%, or at least about 30
to about 100%, 40 to about 100%, or at least about 50 to about
100%, or at least about 60 to about 100%, or at least about 70
to about 100%, or at least about 80 to about 100%, or at least
about 90 to about 100%, or at least about 30 to about 70%, or
at least about 40 to about 90%, or at least about 45 to about
80%, or at least about 55 to about 75%, or at least about 75 to
about 98%, or at least about 55 to about 99%, or at least about
5% to about 20% or at least about 10% to about 25%. In an
exemplary embodiment, the compound of the invention is a
compound described herein or a pharmaceutically acceptable
salt thereof.

) Conditions and Effects

In another aspect, the invention provides a method of treat-
ing and/or preventing a condition, and/or enhancing an effect,
in an animal, the method comprising administering to the
animal an effective amount of a compound of the invention,
thereby treating and/or preventing the condition. In an exem-
plary embodiment, the compound of the invention is a com-
pound described herein. In an exemplary embodiment, the
compound of the invention is a pharmaceutically acceptable
salt of a compound described herein. In an exemplary
embodiment, the effective amount is an amount effective to
treat the condition. In an exemplary embodiment, the effec-
tive amount is an amount effective to prevent the condition. In
an exemplary embodiment, the animal is not otherwise is
need of treatment with the compound of the invention. In an
exemplary embodiment, the compound is according to a for-
mula described herein. In another aspect, the invention pro-
vides a method of treating a condition in an animal in need of
the treatment, the method comprising administering to the
animal an amount of a compound of the invention, thereby
treating the condition. In another aspect, the invention pro-
vides a method of treating a condition in an animal in need of
the treatment, the method comprising administering to the
animal a therapeutically effective amount of a compound of
the invention, thereby treating the condition. In another
aspect, the invention provides a method of preventing a con-
dition, in an animal, the method comprising administering to
the animal an amount of a compound of the invention, thereby
preventing the condition. In another aspect, the invention
provides a method of enhancing an effect, in an animal, the
method comprising administering to the animal an effective
amount of a compound of the invention, thereby enhancing
the effect. In an exemplary embodiment, the compound is
according to a formula described in the section entitled
“Inhibiting a phosphodiesterase”. In an exemplary embodi-
ment, the compound is a member selected from C1, C2, C3,
C4,Cs5,C6,C7,C8,(9,C10,C11,C12,C13,C14,C15,C16,
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C17, C18, C19, C20, C21, C22, C23, C24, C25, C26, C27,
C28, C29, C30, C31, C32, C33, C34, C35, C36, C37, C38,
C39, C40, C41, C42, C43, C44, C45, C46, C47, C48, C49,
C50, C51, C52, C53, C54, C55, C56, C57, C58, €59, C60,
C61, C62, C63, C64, C65, C66, C67, C68, C69, C70, C71,
C72, C73, C74, C75, C76, C77, C78, C79, C80, C81, C82,
(83, C84, C85, C86, C87, C88, C89, C90, C91, C92, C93,
C94, C95, C96, C97, C98, C99 and C100. In an exemplary
embodiment, the compound is a member selected from D1,
D2, D3, D4,D5,D6,D7,D8,D9,D10,D11,D12,D13,D14,
D15,D16, D17, D18, D19, D20, D21, D22, D23, D24, D25,
D26, D27, D28, D29, D30, D31, D32, D33, D34, D35, D36,
D37, D38, D39, D40, D41, D42, D43, D44, D45, D46, D47,
D48, D49, D50, D51, D52, D53, D54, D55, D56, D57, D58,
D59, D60, D61, D62, D63, D64, D65, D66, D67, D68, D69,
D70,D71, D72, D73, D74, D75, D76, D77, D78, D79, D8O,
D81, D82, D83, D84, D85, D86, D87, D88, D89, D90, D91,
D92, D93, D94, D95, D96, D97, D98, D99, D100, D101,
D102, D103, D104, D105, D106, D107, D108, D109, D110,
D111,D112,D113,D114,D115,D116,D117, D118, D119,
D120, D121, D122,D123, D124, D125,D126, D127, D128,
D129, D130, D131, D132, D133, D134, D135, D136, D137,
D138, D139, D140, D141, D142, D143, D144, D145, D146,
D147,D148, D149, D150, D151, D152, D153, D154, D155,
D156, D157, D158, D159, D160, D161, D162, D163, D164,
D165, D166, D167, D168, D169, D170, D171, D172, D173,
D174,D175,D176,D177, D178, D179, D180, D181, D182,
D183, D184, D185, D186, D187, D188, D189, D190, D191,
D192, D193, D194, D195, D196, D197, D198, D199, D200,
D201, D202, D203, D204, D205, D206, D207, D208, D209,
D210, D211, D212, D213, D214, D215, D216, D217, D218,
D219, D220, D221, D222, D223, D224, D225, D226, D227,
D228 and D229. In an exemplary embodiment, the compound
is C17 or a pharmaceutically acceptable salt thereof. In an
exemplary embodiment, the compound is C27 or a pharma-
ceutically acceptable salt thereof. In an exemplary embodi-
ment, the compound is a member selected from D46, D86,
D99, D100, D107, D108, D114, D122, D125, D126, D127,
D128, D131, D140 and D141, and salts thereof. In an exem-
plary embodiment, the compound is a member selected from
D95, D96, D97, D102, D110, D111, D113, D115, D121,
D129, D130, D132, and salts thereof. In an exemplary
embodiment, the compound is a member selected from D47,
D109, D116, D118, D119, D120, D123, and salts thereof. In
an exemplary embodiment, the compound is a member
selected from D98, D101, D106, and salts thereof. In an
exemplary embodiment, the compound is a member selected
from D11, D12,D37, D38, D39, D40, D41, D42, D43, D124,
D142, D143, D146, and salts thereof. In an exemplary
embodiment, the compound is a member selected from D14,
D15, D16, D17, D28, D29, D30, D31, D133, D134, D135,
D144, D145, D147, and salts thereof.

In an exemplary embodiment, the condition is a disease. In
an exemplary embodiment, the condition is an inflammatory-
related condition. In an exemplary embodiment, the condi-
tion involves the increase of production of a cytokine and/or
a chemokine. In an exemplary embodiment, the condition
involves the decrease of production of a cytokine and/or a
chemokine. In an exemplary embodiment, the condition
involves the increase of release of a cytokine and/or a
chemokine. In an exemplary embodiment, the condition
involves the decrease of release of a cytokine and/or a
chemokine. In an exemplary embodiment, the condition
involves the inhibition of a phosphodiesterase. In an exem-
plary embodiment, the compound is in an amount sufficient to
treat the inflammatory-related disease by inhibiting pro-in-
flammatory cytokine expression or by stimulating anti-in-
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flammatory cytokine expression, but the amount is less than
sufficient to substantially inhibit cyclin dependent kinases. In
an exemplary embodiment, the condition is mediated by a
cytokine. In an exemplary embodiment, the condition is
mediated by a chemokine. In an exemplary embodiment, the
condition is mediated by a neutrophil. In an exemplary
embodiment, the condition is mediated by a phosphodi-
esterase. In an exemplary embodiment, the condition is medi-
ated by a phosphodiesterase-4. In an exemplary embodiment,
the condition is mediated by a phosphodiesterase-7.

In an exemplary embodiment, the condition is a member
selected from periodontitis, keratoconjuncitivitis sicca, rheu-
matoid arthritis, osteoarthritis, Crohn’s disease, ulcerative
colitis, psoriatic arthritis, traumatic arthritis, rubella arthritis,
inflammatory bowel disease, multiple sclerosis, psoriasis,
graft versus host disease, systemic lupus erythematosus, cuta-
neous lupus erythematosus, toxic shock syndrome, irritable
bowel syndrome, muscle degeneration, allograft rejections,
pancreatitis, insulinitis, glomerulonephritis, diabetic nephr-
opathy, renal fibrosis, chronic renal failure, gout, leprosy,
acute synovitis, Reiter’s syndrome, gouty arthritis, Behcet’s
disease, spondylitis, endometriosis, non-articular inflamma-
tory conditions, such as intervertbral disk syndrome condi-
tions, bursitis, tendonitis, tenosynovitis or fibromyalgic syn-
drome; and acute or chronic pain, including but not limited to
neurological pain, neuropathies, polyneuropathies, diabetes-
related polyneuropathies, trauma, migraine, tension and clus-
ter headache, Horton’s disease, varicose ulcers, neuralgias,
musculo-skeletal pain, osteo-traumatic pain, fractures, algod-
ystrophy, spondylarthritis, fibromyalgia, phantom limb pain,
back pain, vertebral pain, post-surgery pain, herniated inter-
vertebral disc-induced sciatica, cancer-related pain, vascular
pain, visceral pain, childbirth, or HIV-related pain. Other
cytokine mediated diseases are allergy, a metabolic disease, a
chemotherapy/radiation related complication; diabetes type
I; diabetes type 11; a liver disease; a gastrointestinal disorder;
an ophthamological disease; allergic conjunctivitis; diabetic
retinopathy; Sjogren’s syndrome; uvetitis; a pulmonary dis-
order, arenal disease; dermatitis; HIV-related cachexia; cere-
bral malaria; ankylosing spondolytis; leprosy; anemia; fibro-
myalgia, kidney failure, stroke, chronic heart failure,
endotoxemia, reperfusion injury, ischemia reperfusion, myo-
cardial ischemia, restenosis, thrombosis, angiogenesis, Coro-
nary Heart Disease, Coronary Artery Disease, acute coronary
syndrome, Takayasu arteritis, cardiac failure such as heart
failure, aortic valve stenosis, cardiomyopathy, myocarditis,
vasculitis, vascular restenosis, valvular disease or coronary
artery bypass; hypercholesteremia, diseases or conditions
related to blood coagulation or fibrinolysis, such as for
example, acute venous thrombosis, pulmonary embolism,
thrombosis during pregancy, hemorrhagic skin necrosis,
acute or chronic disseminated intravascular coagulation
(DIC), clot formation from surgery, long bed rest or long
periods of immobilization, venous thrombosis, fulminant
meningococcemia, acute thrombotic strokes, acute coronary
occlusion, acute peripheral arterial occlusion, massive pul-
monary embolism, axillary vein thrombosis, massive
iliofemoral vein thrombosis, occluded arterial or venous can-
nulae, cardiomyopathy, venoocclusive disease of the liver,
hypotension, decreased cardiac output, decreased vascular
resistance, pulmonary hypertension, diminished lung com-
pliance, leukopenia or thrombocytopenia; or atherosclerosis.

In an exemplary embodiment, the condition is a member
selected from allergic conjunctivitis, uveitis, glaucoma, optic
neuritis, retinal ischemia, diabetic retinopathy, laser induced
optic damage, or surgery or trauma-induced proliferative vit-
reoretinopathy.
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In an exemplary embodiment, the condition is a member
selected from allergic rhinitis, asthma, adult respiratory dis-
tress syndrome, chronic pulmonary inflammation, chronic
obstructive pulmonary disease, emphysema, bronchitis,
mucus hypersecretion, silicosis, SARS infection and respira-
tory tract inflammation.

In an exemplary embodiment, the condition is a member
selected from psoriasis, eczema, atopic dermatitis, contact
dermatitis, inflammatory alopecia or acne.

In an exemplary embodiment, the condition is a member
selected from Guillain-Barre syndrome, Parkinson’s disease,
Huntington’s disease, Alzheimer’s disease, amyotrophic lat-
eral sclerosis, multiple sclerosis and other demyelinating dis-
eases, viral and bacterial meningitis, CNS trauma, spinal cord
injury, seizures, convulsions, olivopontocerebellar atrophy,
AIDS dementia complex, MERRF and MELAS syndromes,
Leber’s disease, Wemicke’s encephalophathy, Rett syn-
drome, homocysteinuria, hyperprolinemia, hyperhomocys-
teinemia, nonketotic hyperglycinemia, hydroxybutyric ami-
noaciduria, sulfite oxidase deficiency, combined systems
disease, lead encephalopathy, Tourett’s syndrome, hepatic
encephalopathy, drug addiction, drug tolerance, drug depen-
dency, depression, attention deficit disorder (ADD), anxiety
and schizophrenia, aneurism, or epilepsy.

In an exemplary embodiment, the condition is a member
selected from bone resorption diseases, osteopetrosis,
osteoporosis, or osteoarthritis.

In an exemplary embodiment, the condition is a member
selected from diabetes, systemic cachexia, cachexia second-
ary to infection or malignancy, cachexia secondary to
acquired immune deficiency syndrome (AIDS), obesity,
anorexia or bulimia nervosa. In an exemplary embodiment,
the condition is a member selected from sepsis, HIV, HCV,
malaria, infectious arthritis, leishmaniasis, Lyme disease,
cancer, including but not limited to breast cancer, colon can-
cer, lung cancer, prostate cancer, multiple myeloma, acute
myelogenous leukemia, myelodysplastic syndrome, non-
Hodgkins lymphoma, or follicular lymphoma, Castleman’s
disease, or drug resistance.

In an exemplary embodiment, the condition is a member
selected from is bronchial asthma, rhinitis, influenza, stroke,
myocardial infarction, thermal injury, adult respiratory dis-
tress syndrome (ARDS), multiple organ injury secondary to
trauma, acute glomerulonephritis, dermatoses with acute
inflammatory components, acute purulent meningitis, hemo-
dialysis, leukopheresis, granulocyte transfusion associated
syndromes, or necrotizing enterocolitis.

In an exemplary embodiment, the condition is a member
selected from inflammatory bowel disease (IBD), psoriasis,
rheumatoid arthritis (RA), multiple sclerosis (MS), neurode-
generative disorder, cardiovascular disease (CVD) and ath-
erosclerosis, and metabolic disease (the metabolic syndrome
and diabetes) as well as infection-related inflammation. In an
exemplary embodiment, the condition is a neurodegenerative
disorder which is a member selected from Alzheimer’s dis-
ease and Parkinson disease. In an exemplary embodiment, the
condition is inflammatory bowel disease which is selected
from the group consisting of: Crohn’s disease or ulcerative
colitis. In an exemplary embodiment, the condition is a gas-
trointestinal complication. In an exemplary embodiment, the
condition is diarrhea. In an exemplary embodiment, the con-
dition is a member selected from celiac disease and non-
specific colitis. In an exemplary embodiment, the condition is
a liver disease. In an exemplary embodiment, the condition is
amember selected from an autoimmune hepatitis, hepatitis C,
primary biliary cirrhosis, primary sclerosing cholangitis, or
fulminant liver failure. In an exemplary embodiment, the
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condition is a bone disease. In an exemplary embodiment, the
condition is osteoporosis. In an exemplary embodiment, the
condition is a pulmonary disorder. In an exemplary embodi-
ment, the condition is a member selected from: allergic rhini-
tis, asthma, chronic obstructive pulmonary disease, chronic
granulomatous inflammation, cystic fibrosis, and sarcoidosis.
In an exemplary embodiment, condition is cardiovascular
disease. In an exemplary embodiment, the cardiovascular
disease is a member selected from atheroscleotic cardiac
disease, congestive heart failure and restenosis. In an exem-
plary embodiment, the condition is a renal disease. In an
exemplary embodiment, the condition is a member selected
from glomerulonephritis and vasculitis. In an exemplary
embodiment, the condition is a member selected from post-
radiotherapy related disease or atherosclerosis. In yet another
embodiment the condition is atopic dermatitis. In yet another
embodiment the condition is actinic keratosis.

In an exemplary embodiment, the condition is a member
selected from psoriasis, inflammatory arthritis, rheumatoid
arthritis, asthma, chronic bronchitis, inflammatory bowel dis-
ease (IBD), chronic obstructive pulmonary disease (COPD),
atopic dermatitis, urticaria, allergic rhinitis, allergic conjunc-
tivitis, vernal conjunctivitis, colitis, esoniophilic granuloma,
septic shock, reperfusion injury of the myocardium, reperfu-
sion injury of the brain, chronic glomerulonephritis, endot-
oxic shock, adult respiratory distress syndrome, cystic fibro-
sis, arterial restenosis, artherosclerosis, keratosis, rheumatoid
spondylitis, osteoarthritis, pyresis, diabetes mellitus, pneu-
moconiosis, chronic obstructive airways disease, toxic con-
tact eczema, allergic contact eczema, atopic eczema, sebor-
rheic eczema, lichen simplex, sunburn, pruritis in the
anogenital area, alopecia areata, hypertrophic scars, discoid
lupus erythematosus, systemic lupus erythematosus, follicu-
lar pyodermias, wide-area pyodermias, endogenous acne,
exogenous acne, acne rosacea, Behcet’s disease, anaphylac-
toid purpura nephritis, leukemia, multiple sclerosis, gas-
trointestinal disease and autoimmune disease. In an exem-
plary embodiment, the colitis is a member selected from
ulcerative colitis, Crohn’s colitis, diversion colitis, ischemic
colitis, infectious colitis, fulminant colitis, chemical colitis,
microscopic colitis, lymphocytic colitis, and atypical colitis.
In an exemplary embodiment, the colitis is a member selected
from ulcerative colitis and Crohn’s colitis. In an exemplary
embodiment, the condition is sunburn. In an exemplary
embodiment, the condition is inflammation caused by sun-
burn.

In an exemplary embodiment, the condition is psoriasis. In
an exemplary embodiment, psoriasis is a member selected
from plaque psoriasis, flexural psoriasis (inverse psoriasis),
guttate psoriasis, pustular psoriasis, nail psoriasis, psoriatic
arthritis and erythrodermic psoriasis. In an exemplary
embodiment, the psoriasis is a member selected from plaque
psoriasis and nail psoriasis. In an exemplary embodiment, the
condition is psoriasis and the compound is C17. In an exem-
plary embodiment, the condition is psoriasis and the com-
pound is C27. In an exemplary embodiment, the condition is
plaque psoriasis or nail psoriasis and the compound is C17. In
an exemplary embodiment, the condition is plaque psoriasis
or nail psoriasis and the compound is C27.

In an exemplary embodiment, the disorder is a member
selected from cognition impairment or decline and memory
impairment. In an exemplary embodiment, the memory
impairment is due to dementia. In an exemplary embodiment,
the patient is suffering from memory impairment due to
Alzheimer’s disease, schizophrenia, Parkinson’s disease,
Huntington’s disease, Pick’s disease, Creutzfeld-Jakob dis-
ease, depression, aging, head trauma, stroke, CNS hypoxia,
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cerebral senility, multiinfarct dementia, an acute neuronal
disease, age-related cognitive decline, HIV or a cardiovascu-
lar disease.

In an exemplary embodiment, the PDE4 inhibition is
enhancing an effect, wherein the enhanced effect is cognition
or memory.

In an exemplary embodiment, the invention provides a
method for stimulating ovarian follicular growth in a female,
comprising administering to a female a medicament compris-
ing a compound of the invention, whereby ovarian follicular
growth is stimulated in the female. In an exemplary embodi-
ment, the compound of the invention is a compound described
herein or a pharmaceutically acceptable salt thereof. In an
exemplary embodiment, the female is undergoing ovulation
induction. In an exemplary embodiment, the female is under-
going controlled ovarian hyperstimulation. In an exemplary
embodiment, the medicament is administered simulta-
neously, separately or sequentially with follicle stimulating
hormone (FSH), or an agent having FSH activity, or an agent
that stimulates endogenous FSH release.

The invention also provides a method of treating an inflam-
matory-related disease associated with cytokine expression
levels, which comprises administering to an animal in need of
such treatment the compound of the invention. In an exem-
plary embodiment, the compound is according to a formula
described herein. In an exemplary embodiment, the com-
pound of the invention is a compound described herein or a
pharmaceutically acceptable salt thereof.

In an exemplary embodiment, the invention provides a
method of treating or preventing an inflammatory-related
disease in an animal, the method comprising administering to
the animal a therapeutically effective amount of a compound
of the invention, wherein the compound is in an amount
sufficient to treat the inflammatory-related disease by inhib-
iting pro-inflammatory cytokine expression or by stimulating
anti-inflammatory cytokine expression, but the amount is less
than sufficient to substantially inhibit cyclin dependent
kinases. In an exemplary embodiment, the compound of the
invention is a compound described herein or a pharmaceuti-
cally acceptable salt thereof.

In an exemplary embodiment, the invention provides a
method for inhibiting the production of an inflammatory
cytokine by cells capable of producing the inflammatory
cytokine, the method comprises contacting a cell with a thera-
peutic amount of compound of the invention, wherein pro-
duction of the inflammatory cytokine by the cells is inhibited.
In an exemplary embodiment, the therapeutic amount is suf-
ficient to inhibit the production of the inflammatory cytokine
protein between about 50% and about 99%.

In an exemplary embodiment, the invention provides a
method for inhibiting an inflammatory response in an animal,
the method comprising: contacting the animal with a thera-
peutic amount of a compound of the invention, wherein the
inflammatory response is inhibited.

In an exemplary embodiment, for any of the methods
described herein, the animal is a member selected from
human, cattle, deer, reindeer, goat, honey bee, pig, sheep,
horse, cow, bull, dog, guinea pig, gerbil, rabbit, cat, camel,
yak, elephant, ostrich, otter, chicken, duck, goose, guinea
fowl, pigeon, swan, and turkey. In another exemplary
embodiment, for any of the methods described herein, the
animal is a member selected from a human, cattle, goat, pig,
sheep, horse, cow, bull, dog, guinea pig, gerbil, rabbit, cat,
chicken and turkey. In another exemplary embodiment, for
any of the methods described herein, the animal is a human.

30

35

40

45

118

In an exemplary embodiment, for any of the methods
described herein, a compound of the invention and/or a phar-
maceutical formulation described herein can be used.

In another exemplary embodiment, in any of the methods
of treating/preventing a condition or enhancing an effect
described herein, the animal being administered the com-
pound of the invention is not otherwise in need of treatment
with the compound of the invention. In an exemplary embodi-
ment, the compound is a member selected from C1, C2, C3,
C4,Cs5,C6,C7,C8,C9,C10,C11,C12,C13,C14,C15,C16,
C17, C18, C19, C20, C21, C22, C23, C24, C25, C26, C27,
C28, C29, C30, C31, C32, C33, C34, C35, C36, C37, C38,
C39, C40, C41, C42, C43, C44, C45, C46, C47, C48, C49,
C50, C51, C52, C53, C54, C55, C56, C57, C58, €59, C60,
C61, C62, C63, C64, C65, C66, C67, C68, C69, C70, C71,
C72, C73, C74, C75,C76, C77, C78, C79, C80, C81, C82,
(83, C84, C85, C86, C87, C88, C89, C90, C91, C92, CI93,
C94, C95, C96, C97, C98, C99 and C100. In an exemplary
embodiment, the compound is C17. In an exemplary embodi-
ment, the compound is C27. In an exemplary embodiment,
the compound is D1. In an exemplary embodiment, the com-
pound is D82. In an exemplary embodiment, the compound is
D226. In an exemplary embodiment, the compound is D227.

In another exemplary embodiment, the method involves
treating psoriasis by administering a compound of the inven-
tion to an animal not otherwise in need of treatment with the
compounds of the invention.

In another exemplary embodiment, the method involves
treating atopic dermatitis by administering a compound of the
invention to an animal not otherwise in need of treatment with
the compounds of the invention.

V. Pharmaceutical Formulations

In another aspect, the invention provides a pharmaceutical
formulation comprising: (a) a compound of the invention and
(b) a pharmaceutically acceptable excipient. In an exemplary
embodiment, the compound of the invention is a compound
described herein or a pharmaceutically acceptable salt
thereof. In an exemplary embodiment, the compound of the
invention is a compound described herein or a pharmaceuti-
cally acceptable salt thereof. In an exemplary embodiment,
the compound is according to a formula described herein. In
an exemplary embodiment, the compound is a member
selected from C1, C2,C3, C4,C5,C6,C7,C8,C9,C10,Cl11,
C12, C13, C14, C15, C16, C17, C18, C19, C20, C21, C22,
C23, C24, C25, C26, C27, C28, C29, C30, C31, C32, C33,
C34, C35, C36, C37, C38, C39, C40, C41, C42, C43, C44,
C45, C46, C47, C48, C49, C50, C51, C52, C53, CM, C55,
C56, C57, C58, C59, C60, C61, C62, C63, C64, C65, C66,
C67, C68, C69, C70, C71, C72, C73, C74, C75, C76, C77,
C78, C79, C80, C81, C82, C83, C84, C85, C86, C87, C88,
C89,C90,C91,C92,C93,C94,C95,C96,C97,C98,C9 and
C100. In an exemplary embodiment, the compound is a mem-
ber selected from D1, D2, D3, D4, D5, D6, D7, D8, D9, D10,
D11, D12, D13, D14, D15, D16, D17, D18, D19, D20, D21,
D22, D23, D24, D25, D26, D27, D28, D29, D30, D31, D32,
D33, D34, D35, D36, D37, D38, D39, D40, D41, D42, D43,
D44, D45, D46, D47, D48, D49, D50, D51, D52, D53, D54,
D55, D56, D57, D58, D59, D60, D61, D62, D63, D64, D65,
D66, D67, D68, D69, D70, D71, D72, D73, D74, D75, D76,
D77, D78, D79, D80, D81, D82, D83, D84, D85, D86, D87,
D88, D89, D90, D91, D92, D93, D94, D95, D96, D97, DIS,
D99, D100, D101, D102, D103, D104, D105, D106, D107,
D108, D109,D110,D111,D112,D113,D114, D115, D116,
D117,D118,D119, D120, D121, D122, D123, D124, D125,
D126,D127,D128, D129, D130, D131, D132, D133, D134,
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D135, D136, D137, D138, D139, D140, D141, D142, D143,
D144, D145,D146,D147, D148, D149, D150, D151, D152,
D153, D154, D155,D156, D157, D158, D159, D160, D161,
D162, D163, D164, D165, D166, D167, D168, D169, D170,
D171,D172,D173,D174, D175, D176,D177, D178, D179,
D180, D181, D182, D183, D184, D185, D186, D187, D188,
D189, D190, D191, D192, D193, D194, D195, D196, D197,
D198, D199, D200, D201, D202, D203, D204, D205, D206,
D207, D208, D209, D210, D211, D212, D213, D214, D215,
D216,D217,D218, D219, D220, D221, D222, D223, D224,
D225, D226, D227, D228 and D229. In an exemplary
embodiment, the compound is C17. In an exemplary embodi-
ment, the compound is C27. In an exemplary embodiment,
the formulation is a unit dosage form. In an exemplary
embodiment, the formulation is a member selected from an
oral unit dosage form and a topical unit dosage form. In an
exemplary embodiment, the topical unit dosage form is a
member selected from a lotion, an ointment and a cream. In an
exemplary embodiment, the formulation is for topical use.

In an exemplary embodiment, the compound of the inven-
tion is present in the pharmaceutical formulation in an
amount of between about 0.0001% to about 60% (w/w). Inan
exemplary embodiment, the amount is between about 0.05%
to about 0.2% (w/w). In an exemplary embodiment, the
amount is between about 0.075% to about 0.15% (w/w). Inan
exemplary embodiment, the amount is between about 0.01%
to about 10% (w/w). In an exemplary embodiment, the
amount is between about 0.1% to about 10% (w/w). In an
exemplary embodiment, the amount is between about 0.25%
to about 6% (w/w). In an exemplary embodiment, the amount
is between about 0.5% to about 5% (w/w). In an exemplary
embodiment, the amount is between about 0.1% and about
1.0% (w/w). In an exemplary embodiment, the amount is
between about 0.25% and about 0.75% (w/w). In an exem-
plary embodiment, the amount is between about 0.4% and
about 0.6% (w/w). In an exemplary embodiment, the amount
is between about 1.0% and about 2.0% (w/w). In an exem-
plary embodiment, the amount is between about 1.3% and
about 1.7% (w/w). In an exemplary embodiment, the amount
is between about 2.0% and about 3.0% (w/w). In an exem-
plary embodiment, the amount is between about 3.0% and
about 4.0% (w/w). In an exemplary embodiment, the amount
is between about 4.0% and about 5.0% (w/w). In an exem-
plary embodiment, the amount is between about 4.5% and
about 5.5% (w/w). In an exemplary embodiment, the amount
is between about 10% to about 20% (w/w). In an exemplary
embodiment, the amount is between about 13% to about 17%
(w/w). In an exemplary embodiment, the amount is between
about 14% to about 16% (w/w). In an exemplary embodi-
ment, the amount is a member selected from about 0.1%, 0.3,
0.5%, 1.0%, 1.5%, 2.0%, 5.0%, 10% and 15% (w/w).

The pharmaceutical formulations of the invention can take
a variety of forms adapted to the chosen route of administra-
tion. Those skilled in the art will recognize various synthetic
methodologies that may be employed to prepare non-toxic
pharmaceutical formulations incorporating the compounds
described herein. Those skilled in the art will recognize a
wide variety of non-toxic pharmaceutically acceptable sol-
vents that may be used to prepare solvates of the compounds
of the invention, such as water, ethanol, propylene glycol,
mineral oil, vegetable oil and dimethylsulfoxide (DMSO).

The pharmaceutical formulations of the invention may be
administered orally, topically, ocularly, parenterally, by inha-
lation or spray or rectally in dosage unit formulations con-
taining conventional non-toxic pharmaceutically acceptable
carriers, adjuvants and vehicles. It is further understood that
the best method of administration may be a combination of
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methods. Oral administration in the form of a pill, capsule,
elixir, syrup, lozenge, troche, or the like is particularly pre-
ferred. The term parenteral as used herein includes subcuta-
neous injections, intradermal, intravascular (e.g., intrave-
nous), intramuscular, spinal, intrathecal injection or like
injection or infusion techniques.

The pharmaceutical formulations containing compounds
of'the invention are preferably in a form suitable for oral use,
for example, as tablets, troches, lozenges, aqueous or oily
suspensions, dispersible powders or granules, emulsion, hard
or soft capsules, or syrups or elixirs.

Pharmaceutical formulations intended for oral use may be
prepared according to any method known in the art for the
manufacture of pharmaceutical formulations, and such com-
positions may contain one or more agents selected from the
group consisting of sweetening agents, flavoring agents, col-
oring agents and preserving agents in order to provide phar-
maceutically elegant and palatable preparations. Tablets may
contain the active ingredient in admixture with non-toxic
pharmaceutically acceptable excipients that are suitable for
the manufacture of tablets. These excipients may be for
example, inert diluents, such as calcium carbonate, sodium
carbonate, lactose, calcium phosphate or sodium phosphate;
granulating and disintegrating agents, for example, corn
starch, or alginic acid; binding agents, for example starch,
gelatin or acacia; lubricating agents, for example magnesium
stearate, stearic acid or talc; and extenders and bulking
agents, such as microcrystalline cellulose. The tablets may be
uncoated or they may be coated by known techniques to delay
disintegration and absorption in the gastrointestinal tract and
thereby provide a sustained action over a longer period. For
example, a time delay material such as glyceryl monostearate
or glyceryl distearate may be employed.

Formulations for oral use may also be presented as hard
gelatin capsules wherein the active ingredient is mixed with
an inert solid diluent, for example, calcium carbonate, cal-
cium phosphate or kaolin, or as soft gelatin capsules wherein
the active ingredient is mixed with water or an 0il medium, for
example peanut oil, liquid paraffin or olive oil.

Aqueous suspensions contain the active materials in
admixture with excipients suitable for the manufacture of
aqueous suspensions. Such excipients are suspending agents,
for example sodium carboxymethylcellulose, methylcellu-
lose, hydroxypropylmethylcellulose, sodium alginate, poly-
vinylpyrrolidone, gum tragacanth and gum acacia; and dis-
persing or wetting agents, which may be a naturally-
occurring phosphatide, for example, lecithin, or condensation
products of an alkylene oxide with fatty acids, for example
polyoxyethylene stearate, or condensation products of ethyl-
ene oxide with long chain aliphatic alcohols, for example
heptadecaethyleneoxycetanol, or condensation products of
ethylene oxide with partial esters derived from fatty acids and
a hexitol such as polyoxyethylene sorbitol monooleate, or
condensation products of ethylene oxide with partial esters
derived from fatty acids and hexitol anhydrides, for example
polyethylene sorbitan monooleate. The aqueous suspensions
may also contain one or more preservatives, for example
ethyl, or n-propyl p-hydroxybenzoate, one or more coloring
agents, one or more flavoring agents, and one or more sweet-
ening agents, such as sucrose or saccharin.

Oily suspensions may be formulated by suspending the
active ingredients in a vegetable oil, for example arachis oil,
olive oil, sesame oil or coconut oil, or in a mineral oil such as
liquid paraffin. The oily suspensions may contain a thicken-
ing agent, for example beeswax, hard paraffin or cetyl alco-
hol. Sweetening agents such as those set forth above, and
flavoring agents may be added to provide palatable oral
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preparations. These compositions may be preserved by the
addition of an anti-oxidant such as ascorbic acid.

Dispersible powders and granules suitable for preparation
of'an aqueous suspension by the addition of water provide the
active ingredient in admixture with a dispersing or wetting
agent, suspending agent and one or more preservatives. Suit-
able dispersing or wetting agents and suspending agents are
exemplified by those already mentioned above. Other dis-
persing agents include hydrophilic polymers, electrolytes,
Tween® 60 or 80, PEG, polyvinylpyrrolidone (PVP; com-
mercially known as Plasdone®), and the carbohydrate-based
dispersing agents such as, for example, hydroxypropylcellu-
lose and hydroxypropylcellulose ethers (e.g., HPC, HPC-SL,
and HPC-L), hydroxypropylmethylcellulose and hydrox-
ypropylmethylcellulose ethers (e.g. HPMC K100, HPMC
K4M, HPMC K15M, and HPMC K100M), carboxymethyl-
cellulose sodium, methylcellulose, hydroxyethylcellulose,
hydroxypropylmethylcellulose phthalate, hydroxypropylm-
ethylcellulose acetate stearate, noncrystalline cellulose, mag-
nesium aluminum silicate, triethanolamine, polyvinyl alco-
hol (PVA), polyvinylpyrrolidone/vinyl acetate copolymer
(Plasdone®, e.g., S-630), 4-(1,1,3,3-tetramethylbutyl)-phe-
nol polymer with ethylene oxide and formaldehyde (also
known as tyloxapol), poloxamers (e.g., Pluronics F68®,
F88®, and F108®, which are block copolymers of ethylene
oxide and propylene oxide); and poloxamines (e.g., Tetronic
9080, also known as Poloxamine 9080, which is a tetrafunc-
tional block copolymer derived from sequential addition of
propylene oxide and ethylene oxide to ethylenediamine
(BASF Corporation, Parsippany, N.J.)). Additional excipi-
ents, for example sweetening, flavoring and coloring agents,
may also be present.

Pharmaceutical formulations of the invention may also be
in the form of oil-in-water emulsions and water-in-oil emul-
sions. The oily phase may be a vegetable oil, for example
olive oil or arachis oil, or a mineral oil, for example liquid
paraffin or mixtures of these. Suitable emulsifying agents
may be naturally-occurring gums, for example gum acacia or
gum tragacanth; naturally-occurring phosphatides, for
example soy bean, lecithin, and esters or partial esters derived
from fatty acids and hexitol; anhydrides, for example sorbitan
monooleate; and condensation products of the said partial
esters with ethylene oxide, for example polyoxyethylene sor-
bitan monooleate. The emulsions may also contain sweeten-
ing and flavoring agents.

Syrups and elixirs may be formulated with sweetening
agents, for example glycerol, propylene glycol, sorbitol or
sucrose. Such formulations may also contain a demulcent, a
preservative, and flavoring and coloring agents. The pharma-
ceutical formulations may be in the form of a sterile injectable
aqueous or oleaginous suspension. This suspension may be
formulated according to the known art using those suitable
dispersing or wetting agents and suspending agents, which
have been mentioned above. The sterile injectable prepara-
tion may also be a sterile injectable solution or suspension in
a non-toxic parenterally acceptable diluent or solvent, for
example as a solution in 1,3-butanediol. Among the accept-
able vehicles and solvents that may be employed are water,
Ringer’s solution and isotonic sodium chloride solution. In
addition, sterile, fixed oils are conventionally employed as a
solvent or suspending medium. For this purpose any bland
fixed oil may be employed including synthetic mono- or
diglycerides. In addition, fatty acids such as oleic acid find
use in the preparation of injectables.

The pharmaceutical formulations may also be adminis-
tered in the form of suppositories, e.g., for rectal administra-
tion of the drug. These compositions can be prepared by
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mixing the drug with a suitable non-irritating excipient that is
solid at ordinary temperatures but liquid at the rectal tempera-
ture and will therefore melt in the rectum to release the drug.
Such materials are cocoa butter and polyethylene glycols.

Alternatively, the pharmaceutical formulations can be
administered parenterally in a sterile medium. The drug,
depending on the vehicle and concentration used, can either
be suspended or dissolved in the vehicle. Advantageously,
adjuvants such as local anesthetics, preservatives and bufter-
ing agents can be dissolved in the vehicle.

In some embodiments, the pharmaceutical formulations
may be administered ocularly. In some embodiments, the
ophthalmic formulation contains a liquid vehicle. The com-
pound, depending on the vehicle and concentration used, can
either be suspended or dissolved in the vehicle. Such oph-
thalmic formulations can then be administered to the eye in
the form of a droplet. Suitable vehicles, and optional tear
substitute components, are known in the art.

For administration to non-human animals, the composition
containing the therapeutic compound may be added to the
animal’s feed or drinking water. Also, it will be convenient to
formulate animal feed and drinking water products so that the
animal takes in an appropriate quantity of the compound in its
diet. It will further be convenient to present the compound in
a composition as a premix for addition to the feed or drinking
water. The composition can also added as a food or drink
supplement for humans.

Dosage levels of the order of from about 5 mg to about 250
mg per kilogram of body weight per day and more preferably
from about 25 mg to about 150 mg per kilogram of body
weight per day, are useful in the treatment of the above-
indicated conditions. The amount of active ingredient that
may be combined with the carrier materials to produce a
single dosage form will vary depending upon the condition
being treated and the particular mode of administration. Dos-
age unit forms will generally contain between from about 1
mg to about 500 mg of an active ingredient.

Frequency of dosage may also vary depending on the com-
pound used and the particular disease treated. However, for
treatment of most disorders, a dosage regimen of 4 times daily
or less is preferred. It will be understood, however, that the
specific dose level for any particular patient will depend upon
a variety of factors including the activity of the specific com-
pound employed, the age, body weight, general health, sex,
diet, time of administration, route of administration and rate
of excretion, drug combination and the severity of the par-
ticular disease undergoing therapy.

Preferred compounds of the invention will have desirable
pharmacological properties that include, but are not limited
to, oral bioavailability, low toxicity, low serum protein bind-
ing and desirable in vitro and in vivo half-lives. Penetration of
the blood brain barrier for compounds used to treat CNS
disorders is necessary, while low brain levels of compounds
used to treat peripheral disorders are often preferred.

Assays may be used to predict these desirable pharmaco-
logical properties. Assays used to predict bioavailability
include transport across human intestinal cell monolayers,
including Caco-2 cell monolayers. Toxicity to cultured hepa-
tocytes may be used to predict compound toxicity. Penetra-
tion of the blood brain barrier of a compound in humans may
be predicted from the brain levels of laboratory animals that
receive the compound intravenously.

Serum protein binding may be predicted from albumin
binding assays. Such assays are described in a review by
Oravcova, et al. (Journal of Chromatography B (1996) vol-
ume 677, pages 1-27).
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Compound half-life is inversely proportional to the fre-
quency of dosage of a compound. In vitro half-lives of com-
pounds may be predicted from assays of microsomal half-life
as described by Kuhnz and Gieschen (Drug Metabolism and
Disposition, (1998) volume 26, pages 1120-1127).

The amount of the composition required for use in treat-
ment will vary not only with the particular compound selected
but also with the route of administration, the nature of the
condition being treated and the age and condition of the
patient and will ultimately be at the discretion of the attendant
physician or clinician.

In an exemplary embodiment, the pharmaceutical compo-
sition described herein includes an additional active ingredi-
ent. In another exemplary embodiment, the additional active
ingredient is an immunosuppressive agent. In still another
exemplary embodiment, the additional active ingredient is a
member selected from corticosteroids, aminosalicylates, aza-
thioprine (6-mercaptopurine), methotrexate and ciclospo-
rine, etanercept, infliximab, adalimumab, alefacept, efali-
zumab and anakinra.

In an exemplary embodiment, the additional active ingre-
dient is a member selected from cilostazol, rolipram, roflu-
milast, piclamilast, CDP-840 and ariflo.

In still another exemplary embodiment, the additional
active ingredient is a member selected from betamethasone,
tacrolimus and pimecrolimus. In still another exemplary
embodiment, the additional active ingredient is a member
selected from an activated vitamin D analog and an arotinoid
(an aromatic retinoic acid analog). In still another exemplary
embodiment, the additional active ingredient is a member
selected from carcipotriol, such as Tazorac (tazarotene).

V. a) Topical Formulations

In a preferred embodiment, the methods of the invention
can be employed through the topical application of the com-
pounds described herein. Topical administration includes for
example, transmucosal, transdermal, ungual and transungual
routes of administration.

The compositions of the present invention comprises fluid
or semi-solid vehicles that may include but are not limited to
polymers, thickeners, buffers, neutralizers, chelating agents,
preservatives, surfactants or emulsifiers, antioxidants, waxes
or oils, emollients, sunscreens, and a solvent or mixed solvent
system. The solvent or mixed solvent system is important to
the formation because it is primarily responsible for dissolv-
ing the drug. The best solvent or mixed solvent systems are
also capable of maintaining clinically relevant levels of the
drug in solution despite the addition of a poor solvent to the
formulation. The topical compositions useful in the subject
invention can be made into a wide variety of product types.
These include, but are not limited to, lotions, creams, gels,
sticks, sprays, ointments, pastes, foams, mousses, masks, eye
ointments, eye or ear drops, impregnated dressings, wipes,
cleansers including soaps, body washes and shampoos, and
make-up products, such as bases, blushes, lipsticks, and eye
shadows, among others. These product types can comprise
several types of carrier systems including, but not limited to
particles, nanoparticles, and liposomes. If desired, disinte-
grating agents can be added, such as the cross-linked polyvi-
nyl pyrrolidone, agar or alginic acid or a salt thereof such as
sodium alginate. Techniques for formulation and administra-
tion can be found in Remington: The Science and Practice of
Pharmacy, supra. The formulation can be selected to maxim/
ze delivery to a desired target site in the body. The formula-
tions can also include various conventional colorants, fra-
grances, thickeners, preservatives, humectants, emollients,
demulcents, solubilizing excipients, dispersants, penetration
enhancers, plasticizing agents, preservatives, stabilizers,
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demulsifiers, wetting agents, sunscreens, emulsifiers, mois-
turizers, astringents, deodorants, and the like, which can be
added to provide additional benefits such as, for example,
improving the feel and/or appearance of the topical prepara-
tion.

Lotions, which are preparations that are to be applied to the
skin, nail, hair, claw or hoof surface without friction, are
typically liquid or semi-liquid preparations in which finely
divided solid, waxy, or liquid are dispersed. Lotions will
typically contain suspending agents to produce better disper-
sions as well as compounds useful for localizing and holding
the active agent in contact with the skin, nail, hair, claw or
hoof, e.g., methylcellulose, sodium carboxymethyl-cellu-
lose, or the like.

Creams containing the active agent for delivery according
to the present invention are viscous liquid or semisolid emul-
sions, either oil-in-water or water-in-oil. Cream bases are
water-washable, and contain an oil phase, an emulsifier and
an aqueous phase. The oil phase is generally comprised of
petrolatum or a fatty alcohol, such as cetyl- or stearyl alcohol;
the aqueous phase usually, although not necessarily, exceeds
the oil phase in volume, and generally contains a humectant.
The emulsifier in a cream formulation, as explained in Rem-
ington: The Science and Practice of Pharmacy, supra, is
generally a nonionic, anionic, cationic or amphoteric surfac-
tant.

A lotion or cream may include a relatively large aqueous
phase and a relatively small oil phase. Furthermore, the
lotions and creams of the invention may include the active
compound “all-in-solution” in the oil phase so that substan-
tially none of the active compound crystallizes out at room
temperature. In one embodiment, the lotion or cream may
comprise a biphasic system, that is, a system wherein a por-
tion (from about 30 to about 75% by weight) of the active
compound is in solution in the oil phase and the remainder is
in suspension in the aqueous phase.

Gel formulations can also be used in connection with the
present invention. As will be appreciated by those working in
the field of topical drug formulation, gels are semisolid.
Single-phase gels contain organic macromolecules distrib-
uted substantially uniformly throughout the carrier liquid,
which is typically aqueous, but also may be a solvent or
solvent blend. In various embodiments, conventional gelling
agents can be used. In an exemplary embodiment, cellulose or
its derivatives are used. In an exemplary embodiment,
hydroxypropyl methyl cellulose, such as Methocel E4M, is
used. Other gelling agents include methyl cellulose, hydrox-
ypropyl cellulose, hydroxypropyl methyl cellulose, cellulose
acetate, ethyl cellulose, methyl hydroxy ethyl cellulose,
hydroxy ethyl cellulose, and cellulose gum. Cellulose based
gelling agents, particularly hydroxymethylcellulose and
hydroxypropyl methyl cellulose, are also useful in some
embodiments. In some embodiments, cross-linked acrylic
polymers including Carbopol may be used.

In one embodiment, the formulation of the invention is
viscous enough to form a firm gel. In one embodiment, the
viscosity is in the range 0f 25,000-300,000 cps (centipoise) or
75,000-200,000 cps, based on Brookfield (V) analysis.

For ease of preparation, it may be convenient to prepare a
first gel composition, named speed-gel herein, which can be
used to add to other components in the formulation of a final
composition for topical administration. There are several pos-
sible formulations of the speed-gel. For example, a speed-gel
may be prepared by mixing lecithin organogel (L.O.),asa 1:1
(m/m) mixture of lecithin and isopropyl myristate, with LID
oil (a 1:1 [m/m] mixture of L.O. and docusate sodium), dis-



US 9,416,146 B2

125

solving additional docusate sodium powder into this mixture,
and then adding aqueous urea.

Ointments, which are semisolid preparations, are typically
based on petrolatum or other petroleum derivatives. As will be
appreciated by the ordinarily skilled artisan, the specific oint-
ment base to be used is one that provides for optimum deliv-
ery for the active agent chosen for a given formulation, and,
preferably, provides for other desired characteristics as well,
e.g., emolliency or the like. As with other carriers or vehicles,
an ointment base should be inert, stable, nonirritating and
non-sensitizing. As explained in Remington: The Science and
Practice of Pharmacy, 19th Ed. (Easton, Pa.: Mack Publishing
Co., 1995), at pages 1399-1404, ointment bases may be
grouped in four classes: oleaginous bases; emulsifiable bases;
emulsion bases; and water-soluble bases. Oleaginous oint-
ment bases include, for example, vegetable oils, fats obtained
from animals, and semisolid hydrocarbons obtained from
petroleum. Examples of oleaginous ointment bases include
White Ointment USP, Yellow Ointment NF, Oleic Acid USP,
Olive Oil USP, Paraffin USP, Petrolatum NF, White Petrola-
tum USP, Spermaceti Wax USP, Synthetic Spermaceti NF,
Starch Glycerite NF, White Wax USP, and Yellow Wax USP.
Emulsifiable ointment bases, also known as absorbent oint-
ment bases, contain little or no water and include, for
example, hydroxystearin sulfate, anhydrous lanolin and
hydrophilic petrolatum. Emulsion ointment bases are either
water-in-oil (W/O) emulsions or oil-in-water (O/W) emul-
sions, and include, for example, cetyl alcohol, glyceryl
monostearate, lanolin and stearic acid. Preferred water-
soluble ointment bases are prepared from polyethylene gly-
cols of varying molecular weight; again, reference may be
had to Remington: The Science and Practice of Pharmacy,
supra, for further information.

Useful formulations of the invention also encompass
sprays and aerosols. Sprays generally provide the active agent
in an aqueous and/or alcoholic solution which can be misted
onto the skin, nail, hair, claw or hoof for delivery. Such sprays
include those formulated to provide for concentration of the
active agent solution at the site of administration following
delivery, e.g., the spray solution can be primarily composed
of alcohol or other like volatile liquid in which the drug or
active agent can be dissolved. Upon delivery to the skin, nail,
hair, claw or hoof, the carrier evaporates, leaving concen-
trated active agent at the site of administration. Examples of
aerosol technology are disclosed in U.S. Pat. Nos. 6,682,716;
6,716,415, 6,716,417, 6,783,753, 7,029,658; and 7,033,575.

The topical pharmaceutical compositions may also com-
prise suitable solid or gel phase carriers. Examples of such
carriers include but are not limited to calcium carbonate,
calcium phosphate, various sugars, starches, cellulose deriva-
tives, gelatin, and polymers such as polyethylene glycols.

The topical pharmaceutical compositions may also com-
prise a suitable emulsifier which refers to an agent that
enhances or facilitates mixing and suspending oil-in-water or
water-in-oil. The emulsifying agent used herein may consist
of a single emulsifying agent or may be a nonionic, anionic,
cationic or amphoteric surfactant or blend of two or more
such surfactants; preferred for use herein are nonionic or
anionic emulsifiers. Such surface-active agents are described
in “McCutcheon’s Detergent and Emulsifiers,” North Ameri-
can Edition, 1980 Annual published by the McCutcheon
Division, MC Publishing Company, 175 Rock Road, Glen
Rock, N.J. 07452, USA.

Examples of useful ionic surfactants include sodium
caproate, sodium caprylate, sodium caprate, sodium laurate,
sodium myristate, sodium myristolate, sodium palmitate,
sodium palmitoleate, sodium oleate, sodium ricinoleate,
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sodium linoleate, sodium linolenate, sodium stearate, sodium
lauryl sulfate (dodecyl), sodium tetradecyl sulfate, sodium
lauryl sarcosinate, sodium dioctyl sulfosuccinate, sodium
cholate, sodium taurocholate, sodium glycocholate, sodium
deoxycholate, sodium taurodeoxycholate, sodium glycode-
oxycholate, sodium ursodeoxycholate, sodium chenodeoxy-
cholate, sodium taurochenodeoxycholate, sodium glyco
cheno deoxycholate, sodium cholylsarcosinate, sodium
N-methyl taurocholate, egg yolk phosphatides, hydrogenated
soy lecithin, dimyristoyl lecithin, lecithin, hydroxylated leci-
thin, lysophosphatidylcholine, cardiolipin, sphingomyelin,
phosphatidylcholine, phosphatidyl ethanolamine, phospha-
tidic acid, phosphatidyl glycerol, phosphatidyl serine, dietha-
nolamine, phospholipids, polyoxyethylene-10 oleyl ether
phosphate, esterification products of fatty alcohols or fatty
alcohol ethoxylates, with phosphoric acid or anhydride, ether
carboxylates (by oxidation of terminal OH group of, fatty
alcohol ethoxylates), succinylated monoglycerides, sodium
stearyl fumarate, stearoyl propylene glycol hydrogen succi-
nate, mono/diacetylated tartaric acid esters of mono- and
diglycerides, citric acid esters of mono-, diglycerides, glyc-
eryl-lacto esters of fatty acids, acyl lactylates, lactylic esters
of fatty acids, sodium stearoyl-2-lactylate, sodium stearoyl
lactylate, alginate salts, propylene glycol alginate, ethoxy-
lated alkyl sulfates, alkyl benzene sulfones, .alpha.-olefin
sulfonates, acyl isethionates, acyl taurates, alkyl glyceryl
ether sulfonates, sodium octyl sulfosuccinate, sodium unde-
cylenamideo-MEA-sulfosuccinate, hexadecyl triammonium
bromide, decyl trimethyl ammonium bromide, cetyl trim-
ethyl ammonium bromide, dodecyl ammonium chloride,
alkyl benzyldimethylammonium salts, diisobutyl phenoxy-
ethoxydimethyl benzylammonium salts, alkylpyridinium
salts, betaines (trialkylglycine), lauryl betaine (N-lauryl,N,N-
dimethylglycine), and ethoxylated amines (polyoxyethylene-
15 coconut amine). For simplicity, typical counterions are
provided above. It will be appreciated by one skilled in the art,
however, that any bioacceptable counterion may be used. For
example, although the fatty acids are shown as sodium salts,
other cation counterions can also be used, such as, for
example, alkali metal cations or ammonium. Formulations of
the invention may include one or more of the ionic surfactants
above.

Preferred for use herein are high molecular weight alcohols
such as cetearyl alcohol, cetyl alcohol, stearyl alcohol, emul-
sifying wax, glyceryl monostearate, and oleyl alcohol. Other
examples are ethylene glycol distearate, sorbitan tristearate,
propylene glycol monostearate, sorbitan monooleate, sorbi-
tan monostearate (SPAN 60), diethylene glycol monolaurate,
sorbitan monopalmitate, sucrose dioleate, sucrose stearate
(CRODESTA F-160), polyoxyethylene lauryl ether (BRIJ
30), polyoxyethylene (2) stearyl ether (BRIJ 72), polyoxy-
ethylene (21) stearyl ether (BRIJ 721), polyoxyethylene
monostearate (Myrj 45), polyoxyethylene (20) sorbitan
monolaurate (TWEEN 20, polysorbate 20), polyoxyethylene
(20) sorbitan monopalmitate (TWEEN 40, polysorbate 40),
polyoxyethylene (20) sorbitan monostearate (IWEEN 60,
polysorbate 60), polyoxyethylene (20) sorbitan monooleate
(TWEEN 80, polysorbate 80), other non-ionic polyoxyalky-
lene derivatives of hexitol anhydride partial long chain fatty
acid esters, and sodium oleate. In an exemplary embodiment,
the emulsifier is octyldodecanol. In an exemplary embodi-
ment, xanthan gum or a xanthan gum blend is used. Choles-
terol and cholesterol derivatives may also be employed in
externally used emulsions and promote w/o emulsions.

Especially suitable nonionic emulsifying agents are those
with hydrophile-lipophile balances (HL.B) of about 3 to 6 for
w/o system and 8 to 18 for o/w system as determined by the
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method described by Paul L. Lindner in “Emulsions and
Emulsion”, edited by Kenneth Lissant, published by Dekker,
New York, N.Y., 1974, pages 188-190. More preferred for use
herein are one or more nonionic surfactants that produce a
system having HLB of about 8 to about 18.

Examples of such nonionic emulsifiers include but are not
limited to “BRIJ 727, the trade name for a polyoxyethylene
(2) stearyl ether having an HL.B 0f 4.9; “BR1J 7217, the trade
name for a polyoxyethylene (21) stearyl ether having an HL.B
of'15.5, “Brij 307, the trade name for polyoxyethylene lauryl
ether having an HLB of 9.7; “Polawax”, the trade name for
emulsifying wax having an HL.B of 8.0; “Span 607, the trade
name for sorbitan monostearate having an HLB of 4.7;
“Crodesta F-1607, the trade name for sucrose stearate” hav-
ing an HL.B of 14.5. All of these materials are available from
Ruger Chemicals Inc.; Croda; ICI Americas, Inc.; Spectrum
Chemicals; and BASF. When the topical formulations of the
present invention contain at least one emulsifying agent, each
emulsifying agent is present in amount from about 0.5 to
about 2.5 wt %, preferably 0.5 to 2.0%, more preferably 1.0%
or 1.8%. Preferably the emulsifying agent comprises a mix-
ture of steareth 21 (at about 1.8%) and steareth 2 (at about
1.0%).

The topical pharmaceutical compositions may also com-
prise suitable emollients. Emollients are materials used for
the prevention or relief of dryness, as well as for the protec-
tion of the skin, nail, hair, claw or hoof. Useful emollients
include, but are not limited to, hydrocarbon oils, waxes, sili-
cone, cetyl alcohol, isopropyl myristate, stearyl alcohol, oleyl
alcohol, octyl hydroxystearate, glycerin, other fatty alcohols
including short or medium chain fatty alcohols having a car-
bon length of up to 18, medium or short chain fatty acid
triglycerides, esters such as fatty acid esters, lecithins and
related polar compounds such as phosphatidylcholine, phos-
phatidylethanolamine, phosphatidylserine, phosphatidyli-
nositol, phosphatidic acid, lyso-phosphatidylcholine, lyso-
phosphatidylethanolamine, and sphingomyelin and the like.
Other suitable emollients include triglyceride oils like veg-
etable oils such as wheat germ, maize, sunflower, karite,
castor, sweet almond, macadamia, apricot, soybean, cotton-
seed, alfalfa, poppy, pumpkinseed, sesame, cucumber, rape-
seed, avocado, hazelnut, grape seed, blackcurrant seed,
evening primrose, millet, barley, quinoa, olive, rye, safflower,
candlenut, soya, palm, passion flower, or musk rose oil; trig-
lycerides of caprylic/capric acid, such as those sold under the
tradenames MIGLYOL® (Condea Chemie, Germany) and
CRODAMOL. (Croda, Inc., Edison, N.I.); fatty alcohols such
as caprylic alcohol, lauryl alcohol, myristyl alcohol, cetyl
alcohol, and stearyl alcohol; and fatty esters such as oleyl
acetate, isotridecyl benzoate, diisooctyl sebacate, isopropyl
myristate, cetyl octanoate, isopropyl palmitate, butyl stearate,
hexyl laurate, myristyl myristate, decyl oleate, hexyldecyl
dimethyloctanoate, cetyl lactate, myristyl lactate, lanoline
acetate, isocetyl stearate, isocetyl isostearate, cholesteryl
12-hydroxystearate, dipentaerythritol fatty acid ester, and
isostearyl malate. A wide variety of suitable emollients are
known and can be used herein. See e.g., Sagarin, Cosmetics,
Science and Technology, 2nd Edition, Vol. 1, pp. 32-43
(1972), and U.S. Pat. No. 4,919,934, to Deckner et al., issued
Apr. 24, 1990, both of which are incorporated herein by
reference in their entirety. These materials are available from
Ruger Chemical Co, (Irvington, N.JI.).

When the topical formulations of the present invention
contain at least one emollient, each emollient is present in an
amount from about 0.1 to 15%, preferably 0.1 to about 3.0,
more preferably 0.5, 1.0, or 2.5 wt %. Preferably the emollient
is a mixture of cetyl alcohol, isopropyl myristate and stearyl
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alcohol in a 1/5/2 ratio. The emollient may also be a mixture
of cetyl alcohol and stearyl alcohol in a 1/2 ratio.

The topical pharmaceutical compositions may also com-
prise suitable antioxidants, substances known to inhibit oxi-
dation. Antioxidants suitable for use in accordance with the
present invention include, but are not limited to, butylated
hydroxytoluene, ascorbic acid, sodium ascorbate, calcium
ascorbate, ascorbic palmitate, butylated hydroxyanisole, 2.4,
S-trihydroxybutyrophenone, 4-hydroxymethyl-2,6-di-tert-
butylphenol, erythorbic acid, gum guaiac, propyl gallate,
thiodipropionic acid, dilauryl thiodipropionate, tert-butylhy-
droquinone and tocopherols such as vitamin E, and the like,
including pharmaceutically acceptable salts and esters of
these compounds. Preferably, the antioxidant is butylated
hydroxytoluene, butylated hydroxyanisole, propyl gallate,
ascorbic acid, pharmaceutically acceptable salts or esters
thereof, or mixtures thereof. Most preferably, the antioxidant
is butylated hydroxytoluene. These materials are available
from Ruger Chemical Co, (Irvington, N.J.). Antioxidants that
may be incorporated into the formulations of the invention
include natural antioxidants prepared from plant extracts,
such as extracts from aloe vera; avocado; chamomile; echina-
cea; ginko biloba; ginseng; green tea; heather; jojoba; laven-
der; lemon grass; licorice; mallow; oats; peppermint; St.
John’s wort; willow; wintergreen; wheat wild yam extract;
marine extracts; and mixtures thereof.

When the topical formulations of the present invention
contain at least one antioxidant, the total amount of antioxi-
dant present is from about 0.001 to 0.5 wt %, preferably 0.05
to about 0.5 wt %, more preferably 0.1%.

The topical pharmaceutical compositions may also com-
prise suitable preservatives. Preservatives are compounds
added to a pharmaceutical formulation to act as an anti-
microbial agent. Among preservatives known in the art as
being effective and acceptable in parenteral formulations are
benzalkonium chloride, benzethonium, chlorohexidine, phe-
nol, m-cresol, benzyl alcohol, methylparaben, propylparaben
and other parabens, chlorobutanol, o-cresol, p-cresol, chlo-
rocresol, phenylmercuric nitrate, thimerosal, benzoic acid,
and various mixtures thereof. See, e.g., Wallhausser, K.-H.,
Develop. Biol. Standard, 24:9-28 (1974) (S. Krager, Basel).
Preferably, the preservative is selected from methylparaben,
propylparaben and mixtures thereof. These materials are
available from Inolex Chemical Co (Philadelphia, Pa.) or
Spectrum Chemicals.

When the topical formulations of the present invention
contain at least one preservative, the total amount of preser-
vative present is from about 0.01 to about 0.5 wt %, preferably
from about 0.1 to 0.5%, more preferably from about 0.03 to
about 0.15. Preferably the preservative is a mixture of meth-
ylparaben and proplybarben in a 5/1 ratio. When alcohol is
used as a preservative, the amount is usually 15 to 20%.

The topical pharmaceutical compositions may also com-
prise suitable chelating agents to form complexes with metal
cations that do not cross a lipid bilayer. Examples of suitable
chelating agents include ethylene diamine tetraacetic acid
(EDTA), ethylene glycol-bis(beta-aminoethyl ether)-N,N,N',
N'-tetraacetic acid (EGTA) and 8-Amino-2-[(2-amino-5-me-
thylphenoxy)methyl]-6-methoxyquinoline-N,N,N',N'-tet-
raacetic acid, tetrapotassium salt (QUIN-2). Preferably the
chelating agents are EDTA and citric acid. A chelating agent
may comprise salts ofthe above, such as edetate disodium, for
example. These materials are available from Spectrum
Chemicals.

When the topical formulations of the present invention
contain at least one chelating agent, the total amount of
chelating agent present is from about 0.005% to 2.0% by
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weight, preferably from about 0.05% to about 0.5 wt %, more
preferably about 0.1% by weight.

The topical pharmaceutical compositions may also com-
prise suitable neutralizing agents used to adjust the pH of the
formulation to within a pharmaceutically acceptable range.
Examples of neutralizing agents include but are not limited to
trolamine, tromethamine, sodium hydroxide, hydrochloric
acid, sodium carbonate, citric acid, acetic acid and corre-
sponding acids or bases thereof. Such materials are available
from are available from Spectrum Chemicals (Gardena,
Calif.).

When the topical formulations of the present invention
contain at least one neutralizing agent, the total amount of
neutralizing agent present is from about 0.1 wt to about 10 wt
%, preferably 0.1 wt % to about 5.0 wt %, and more prefer-
ably about 1.0 wt %. The neutralizing agent is generally
added in whatever amount is required to bring the formulation
to the desired pH. In one embodiment, the pH is about 6.0 to
about 8.0. In one embodiment, the pH is about 3.0 to about
4.0.

The topical pharmaceutical compositions may also com-
prise suitable thickening or viscosity increasing agents. These
components are diffusible compounds capable of increasing
the viscosity of a polymer-containing solution through the
interaction of the agent with the polymer. For example, CAR-
BOPOL ULTREZ 10, polymethyl methacrylate (PMMA),
and fumed silica may be used as a viscosity-increasing agent.
These materials are available from Noveon Chemicals,
Cleveland, Ohio Other examples of thickeners include
monoglycerides and fatty alcohols, fatty acid esters of alco-
hols having from about 3 to about 16 carbon atoms. Examples
of suitable monoglycerides are glyceryl monostearate and
glyceryl monopalmitate. Examples of fatty alcohols are cetyl
alcohol and stearyl alcohol. Examples of suitable esters are
myristyl stearate and cetyl stearate. The monoglyceride also
functions as an auxilliary emulsifier. Other emollients or ole-
aginous material which may be employed include petrola-
tum, glyceryl monooleate, myristyl alcohol, and isopropyl
palmitate. In one embodiment, the thickener is used in com-
bination with an emulsifying agent.

When the topical formulations of the present invention
contain at least one viscosity increasing agent, the total
amount of viscosity increasing agent present is from about
0.25% to about 5.0% by weight, preferably from about 0.25%
to about 1.0 wt %, and more preferably from about 0.4% to
about 0.6% by weight.

The topical pharmaceutical compositions may also com-
prise a disintegrating agent including starch, e.g., a natural
starch such as corn starch or potato starch, a pregelatinized
starch such as National 1551 or Amijele®, or sodium starch
glycolate such as Promogel® or Explotab®; a cellulose such
as a wood product, microcrystalline cellulose, e.g., Avicel®,
Avicel® PH101, Avicel® PH102, Avicel® PH105, Elcema®
P100, Emcocel®, Vivacel®, Ming Tia®, and Solka-Floc®,
methylcellulose, croscarmellose, or a cross-linked cellulose,
such as cross-linked sodium carboxymethylcellulose (Ac-Di-
Sol®), cross-linked carboxymethylcellulose, or cross-linked
croscarmellose; a cross-linked starch such as sodium starch
glycolate; a cross-linked polymer such as crosspovidone; a
cross-linked polyvinylpyrrolidone; alginate such as alginic
acid or a salt of alginic acid such as sodium alginate; a clay
such as Veegum® HV (magnesium aluminum silicate); a gum
such as agar, guar, locust bean, Karaya, pectin, or tragacanth;
sodium starch glycolate; bentonite; a natural sponge; a sur-
factant; a resin such as a cation-exchange resin; citrus pulp;
sodium lauryl sulfate; sodium lauryl sulfate in combination
starch; and the like.
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The topical pharmaceutical compositions may also com-
prise suitable nail penetration enhancers. Examples of nail
penetration enhancers include mercaptan compounds,
sulfites and bisulfites, keratolytic agents and surfactants. Nail
penetration enhancers suitable for use in the invention are
described in greater detail in Malhotra et al., J. Pharm. Sci.,
91:2, 312-323 (2002), which is incorporated herein by refer-
ence in its entirety.

The topical pharmaceutical compositions may also com-
prise an anti-foaming anti-whitening agent that increases the
elegancy of the cream or lotion and inhibits the formation of
a white soapy look upon rubbing the cream or lotion on the
skin. An example of such material includes silicone fluid.
Other anti-foaming agents include simethicone, polyglycol,
and sorbitan sesquioleate.

The topical pharmaceutical compositions may also com-
prise a post-foaming agent. “Post-foaming” refers to a gel that
remains a gel as it is expelled from a container but foams up
after it is spread over the skin. Post-foaming agents include
saturated aliphatic hydrocarbons having from 4-6 carbon
atoms, such as butane, pentane and hexane (in particular is
opentane and isobutene). Other suitable post-foaming agents
include partially, or wholly halogenated hydrocarbons, such
as trichlorofluroethane. Also, mixtures of aliphatic and halo-
genated hydrocarbon propellants, or post-foaming agents can
be used. Generally suitable post-foaming agents are those
substances that have a low solubility in water, for example
less than about 20 cc of gas in 100 grams of water at one
atmosphere and 20.degree. C.

The topical pharmaceutical compositions may also com-
prise one or more suitable solvents. The ability of any solid
substance (solute) to dissolve in any liquid substance (sol-
vent) is dependent upon the physical properties of the solute
and the solvent. When solutes and solvents have similar
physical properties the solubility of the solute in the solvent
will be the greatest. This gives rise to the traditional under-
standing that “like dissolves like.” Solvents can be character-
ized in one extreme as non-polar, lipophilic oils, while in the
other extreme as polar hydrophilic solvents. Oily solvents
dissolve other non-polar substances by Van der Wals interac-
tions while water and other hydrophilic solvents dissolve
polar substances by ionic, dipole, or hydrogen bonding inter-
actions. All solvents can be listed along a continuum from the
least polar, i.e. hydrocarbons such as decane, to the most polar
solvent being water. A solute will have its greatest solubility
in solvents having equivalent polarity. Thus, for drugs having
minimal solubility in water, less polar solvents will provide
improved solubility with the solvent having polarity nearly
equivalent to the solute providing maximum solubility. Most
drugs have intermediate polarity, and thus experience maxi-
mum solubility in solvents such as propylene glycol or etha-
nol, which are significantly less polar than water. If the drug
has greater solubility in propylene glycol (for example 8%
(w/w)) than in water (for example 0.1% (w/w)), then addition
of water to propylene glycol should decrease the maximum
amount of drug solubility for the solvent mixture compared
with pure propylene glycol. Addition of a poor solvent to an
excellent solvent will decrease the maximum solubility for
the blend compared with the maximum solubility in the excel-
lent solvent.

When compounds are incorporated into topical formula-
tions the concentration of active ingredient in the formulation
may be limited by the solubility of the active ingredient in the
chosen solvent and/or carrier. Non-lipophilic drugs typically
display very low solubility in pharmaceutically acceptable
solvents and/or carriers. For example, the solubility of some
compounds in the invention in water is less than 0.00025%



US 9,416,146 B2

131

wt/wt. The solubility of the same compounds in the invention
can be less than about 2% wt/wt in either propylene glycol or
isopropyl myristate.

Examples of solubilizing excipients include polyethoxy-
lated fatty acids, PEG-fatty acid diesters, PEG-fatty acid
mono-ester and di-ester mixtures, polyethylene glycol glyc-
erol fatty acid esters, alcohol-oil transesterification products,
polyglycerized fatty acids, propylene glycol fatty acid esters,
mixtures of propylene glycol esters-glycerol esters, mono-
and diglycerides, sterol and sterol derivatives, polyethylene
glycol sorbitan fatty acid esters, polyethylene glycol alkyl
ethers, sugar esters, polyethylene glycol alkyl phenols, poly-
oxyethylene-polyoxypropylene block copolymers, sorbitan
fatty acid esters, lower alcohol fatty acid esters, ionic surfac-
tants, tocopherol esters, and sterol esters. In one embodiment
of the present invention, ethylhexyl hydroxystearate is the
solvent used to dissolve the compounds described herein. In
one embodiment of the present invention, diethylene glycol
monoethyl ether (DGME) is the solvent used to dissolve the
compounds described herein. In one embodiment of the
present invention, diethylene glycol monoethyl ether
(DGME) is the solvent used to dissolve a compound of the
invention. The compounds in the invention useful in the
present formulation are believed to have a solubility of from
about 10% wt/wt to about 25% wt/wt in DGME. In another
embodiment a DGME water cosolvent system is used to
dissolve the compounds described herein. In another embodi-
ment a DGME water cosolvent system is used to dissolve a
compound of the invention. The solvent capacity of DGME
drops when water is added; however, the DGME/water cosol-
vent system can be designed to maintain the desired concen-
tration of from about 0.1% to about 5% wt/wt active ingredi-
ent. Preferably the active ingredient is present from about
0.5% to about 3% wt/wt, and more preferably at about 1%
wt/wt, in the as-applied topical formulations. Because
DGME is less volatile than water, as the topical formulation
evaporates upon application, the active agent becomes more
soluble in the cream formulation. This increased solubility
reduces the likelihood of reduced bioavailability caused by
the drug precipitating on the surface of the skin, nail, hair,
claw or hoof.

In one embodiment, the vehicle is lipophilic. Lipophilic
materials include oleaginous material such as petrolatum,
mineral oil thickened or gelled with polyethylene, high
molecular weight paraffin waxes, mono and diglycerides of
fatty acids gelled with high molecular weight fatty acids or
polyamide complex of hydroxystearate, propylene glycol
isostearate or isostearyl alcohol gelled with high molecular
weight fatty acids, and mixtures thereof.

Liquid forms, such as lotions suitable for topical adminis-
tration or suitable for cosmetic application, may include a
suitable aqueous or nonaqueous vehicle with buffers, sus-
pending and dispensing agents, thickeners, penetration
enhancers, and the like. Solid forms such as creams or pastes
or the like may include, for example, any of the following
ingredients, water, oil, alcohol or grease as a substrate with
surfactant, polymers such as polyethylene glycol, thickeners,
solids and the like. Liquid or solid formulations may include
enhanced delivery technologies such as liposomes,
microsomes, microsponges and the like. Liposomal formula-
tions, which help allow compounds to enter the skin, are
described in U.S. Pat. Nos. 5,169,637, 5,000,958; 5,049,388,
4,975,282, 5,194,266; 5,023,087, 5,688,525; 5,874,104,
5,409,704, 5,552,155; 5,356,633, 5,032,582; 4,994,213; and
PCT Publication No. WO 96/40061.

Additionally, the compounds can be delivered using a sus-
tained-release system, such as semipermeable matrices of
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solid hydrophobic polymers containing the therapeutic agent.
Various sustained-release materials have been established
and are well known by those skilled in the art. Thus, at least
two different dosage forms, each of which contains a com-
pound of the invention, may be formulated for topical admin-
istration by including such dosage forms in an oil-in-water
emulsion, or a water-in-oil emulsion. In such a formulation,
the delayed release dosage forms are in the continuous phase,
and the delayed sustained release dosage form is in a discon-
tinuous phase. The formulation may also be produced in a
manner for delivery of three dosage forms as hereinabove
described. For example, there may be provided an oil-in-
water-in-oil emulsion, with oil being a continuous phase that
contains the third delayed sustained release component, water
dispersed in the o0il containing a first delayed release dosage
form, and oil dispersed in the water containing a second
delayed release dosage form.

Topical treatment regimens according to the practice of this
invention comprise applying the composition directly to the
skin, nail, hair, claw or hoot at the application site, from one
to several times daily.

Formulations of the present invention can be used to treat,
ameliorate or prevent conditions or symptoms associated
with bacterial infections, acne, inflammation and the like.

In an exemplary embodiment, the pharmaceutical formu-
lation includes a simple solution. In an exemplary embodi-
ment, the simple solution includes a polyether. In an exem-
plary embodiment, the polyether is polyethylene glycol or
polypropylene glycol. In an exemplary embodiment, the
simple solution includes an alcohol. In an exemplary embodi-
ment, the alcohol is methanol, ethanol, propanol, isopropanol
or butanol. In an exemplary embodiment, the simple solution
includes a polyether and an alcohol. In another exemplary
embodiment, the simple solution includes a polypropylene
glycol and ethanol. In another exemplary embodiment, the
simple solution is a member selected from about 10%
polypropylene glycol and about 90% ethanol; about 20%
polypropylene glycol and about 80% ethanol; about 30%
polypropylene glycol and about 70% ethanol; about 40%
polypropylene glycol and about 60% ethanol; about 50%
polypropylene glycol and about 50% ethanol; about 60%
polypropylene glycol and about 40% ethanol; about 70%
polypropylene glycol and about 30% ethanol; about 80%
polypropylene glycol and about 20% ethanol; about 90%
polypropylene glycol and about 10% ethanol.

In an exemplary embodiment, the simple solution includes
acetone. In an exemplary embodiment, the simple solution
includes acetone and an alcohol. In an exemplary embodi-
ment, the simple solution includes acetone and a member
selected from methanol, ethanol, propanol, isopropanol or
butanol. In an exemplary embodiment, the simple solution
includes acetone, an alcohol and a polyether. In another
exemplary embodiment, the simple solution includes
acetone, an alcohol and a member selected from polyethylene
glycol and polypropylene glycol. In an exemplary embodi-
ment, the simple solution includes acetone and ethanol. In
another exemplary embodiment, the simple solution is a
member selected from about 10% acetone and about 90%
ethanol; about 20% acetone and about 80% ethanol; about
30% acetone and about 70% ethanol; about 40% acetone and
about 60% ethanol; about 50% acetone and about 50% etha-
nol; about 60% acetone and about 40% ethanol; about 70%
acetone and about 30% ethanol; about 80% acetone and about
20% ethanol; about 90% acetone and about 10% ethanol.
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In an exemplary embodiment, the pharmaceutical formu-
lation is a lacquer.

V. b) Additional Active Agents

The following are examples of the cosmetic and pharma-
ceutical agents that can be added to the topical pharmaceuti-
cal formulations of the present invention. The following
agents are known compounds and are readily available com-
mercially.

Anti-inflammatory agents include, but are not limited to,
bisabolol, mentholatum, dapsone, aloe, hydrocortisone, and
the like.

Vitamins include, but are not limited to, Vitamin B, Vita-
min E, Vitamin A, Vitamin D, and the like and vitamin deriva-
tives such as tazarotene, calcipotriene, tretinoin, adapalene
and the like.

Anti-aging agents include, but are not limited to, niacina-
mide, retinol and retinoid derivatives, AHA, Ascorbic acid,
lipoic acid, coenzyme Q 10, beta hydroxy acids, salicylic
acid, copper binding peptides, dimethylaminoethyl (DAEA),
and the like.

Sunscreens and or sunburn relief agents include, but are not
limited to, PABA, jojoba, aloe, padimate-O, methoxycin-
namates, proxamine HCI, lidocaine and the like. Sunless tan-
ning agents include, but are not limited to, dihydroxyacetone
(DHA). Ultraviolet (UV) light blockers include, for example,
amino benzoic acids, benzophenones, camphors, cinnamates,
dibenzoyl methanes, salicylates, metal oxides, and mixtures
thereof.

Psoriasis-treating agents and/or acne-treating agents
include, but are not limited to, salicylic acid, benzoyl perox-
ide, coal tar, selenium sulfide, zinc oxide, pyrithione (zinc
and/or sodium), tazarotene, calcipotriene, tretinoin, ada-
palene and the like.

Agents that are effective to control or modify keratiniza-
tion, including without limitation: tretinoin, tazarotene, and
adapalene.

The compositions comprising an compound/active agent
described herein, and optionally at least one of these addi-
tional agents, are to be administered topically. In a primary
application, this leads to the compounds of the invention and
any other active agent working upon and treating the skin,
nail, hair, claw or hoof Alternatively, any one of the topically
applied active agents may also be delivered systemically by
transdermal routes.

In such compositions an additional cosmetically or phar-
maceutically effective agent, such as an anti-inflammatory
agent, vitamin, anti-aging agent, sunscreen, and/or acne-
treating agent, for example, is usually a minor component
(from about 0.001% to about 20% by weight or preferably
from about 0.01% to about 10% by weight) with the remain-
der being various vehicles or carriers and processing aids
helpful for forming the desired dosing form.

V. ¢) Testing

Preferred compounds for use in the present topical formu-
lations will have certain pharmacological properties. Such
properties include, but are not limited to, low toxicity, low
serum protein binding and desirable in vitro and in vivo
half-lives. Assays may be used to predict these desirable
pharmacological properties. Assays used to predict bioavail-
ability include transport across human intestinal cell mono-
layers, including Caco-2 cell monolayers. Serum protein
binding may be predicted from albumin binding assays. Such
assays are described in a review by Oravcova et al. (1996, J.
Chromat. B677: 1-27). Compound half-life is inversely pro-
portional to the frequency of dosage of a compound. In vitro
half-lives of compounds may be predicted from assays of
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microsomal half-life as described by Kuhnz and Gleschen
(Drug Metabolism and Disposition, (1998) volume 26, pages
1120-1127).

Toxicity and therapeutic efficacy of such compounds can
be determined by standard pharmaceutical procedures in cell
cultures or experimental animals, e.g., for determining the
LD50 (the dose lethal to 50% of the population) and the EDy,
(the dose therapeutically effective in 50% of the population).
The dose ratio between toxic and therapeutic effects is the
therapeutic index and it can be expressed as the ratio between
LD, and EDs,. Compounds that exhibit high therapeutic
indices are preferred. The data obtained from these cell cul-
ture assays and animal studies can be used in formulating a
range of dosage for use in humans. The dosage of such com-
pounds lies preferably within a range of circulating concen-
trations that include the ED,, with little or no toxicity. The
dosage can vary within this range depending upon the dosage
form employed and the route of administration utilized. The
exact formulation, route of administration and dosage can be
chosen by the individual physician in view of the patient’s
condition. (See, e.g. Fingl etal., 1975, in “The Pharmacologi-
cal Basis of Therapeutics”, Ch. 1, p. 1).

V. d) Administration

For any compound used in the method of the invention, the
therapeutically effective dose can be estimated initially from
cell culture assays, as disclosed herein. For example, a dose
can be formulated in animal models to achieve a circulating
concentration range that includes the EC,, (effective dose for
50% increase) as determined in cell culture, i.e., the concen-
tration of the test compound which achieves a half-maximal
inhibition of bacterial cell growth. Such information can be
used to more accurately determine useful doses in humans.

In general, the compounds prepared by the methods, and
from the intermediates, described herein will be administered
in a therapeutically or cosmetically effective amount by any
of'the accepted modes of administration for agents that serve
similar utilities. It will be understood, however, that the spe-
cific dose level for any particular patient will depend upon a
variety of factors including the activity of the specific com-
pound employed, the age, body weight, general health, sex,
diet, time of administration, route of administration, and rate
of excretion, drug combination, the severity of the particular
disease undergoing therapy and the judgment of the prescrib-
ing physician. The drug can be administered from once or
twice a day, or up to 3 or 4 times a day.

Dosage amount and interval can be adjusted individually to
provide plasma levels of the active moiety that are sufficient
to maintain bacterial cell growth inhibitory effects. Usual
patient dosages for systemic administration range from 0.1 to
1000 mg/day, preferably, 1-500 mg/day, more preferably
10-200 mg/day, even more preferably 100-200 mg/day.
Stated in terms of patient body surface areas, usual dosages
range from 50-91 mg/m?*/day.

The amount of the compound in a formulation can vary
within the full range employed by those skilled in the art.
Typically, the formulation will contain, on a weight percent
(Wt %) basis, from about 0.01-10 wt % of the drug based on
the total formulation, with the balance being one or more
suitable pharmaceutical excipients. Preferably, the com-
pound is present at a level of about 0.1-3.0 wt %, more
preferably, about 1.0 wt %.

In an exemplary embodiment, the pharmaceutical formu-
lation is an ointment, and comprises a compound of the inven-
tion. In an exemplary embodiment, the pharmaceutical for-
mulation is an ointment which includes C17. In an exemplary
embodiment, the pharmaceutical formulation is an ointment
which includes C27.
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In another exemplary embodiment, the pharmaceutical for-
mulation includes C17 and at least one surfactant described
herein. In another exemplary embodiment, the pharmaceuti-
cal formulation includes C27 and at least one surfactant
described herein. In another exemplary embodiment, the for-
mulation comprises a hydroxystearate. In another exemplary
embodiment, the hydroxystearate is a member selected from
glyceryl monostearate, ethylhexyl hydroxystearate and octyl
hydroxystearate.

In another exemplary embodiment, the pharmaceutical for-
mulation includes C17 and an alcohol. In another exemplary
embodiment, the pharmaceutical formulation includes C27
and an alcohol. In another exemplary embodiment, the alco-
hol is a long chain alcohol or a fatty alcohol. In another
exemplary embodiment, the alcohol is a member selected
from benzyl alcohol, octyldodecanol, stearyl alcohol, cetyl
alcohol, oleyl alcohol. In an exemplary embodiment, the for-
mulation comprises a member selected from benzyl alcohol,
octyl comprises at least one compound which is a member
selected from hydrocarbon oils, waxes, silicone, cetyl alco-
hol, isopropyl myristate, stearyl alcohol, oleyl alcohol, eth-
ylhexyl hydroxystearate, octyl hydroxystearate, glycerin,
other fatty alcohols hydroxystearate.

In another exemplary embodiment, the pharmaceutical for-
mulation comprises a compound of the invention and at least
one emollient described herein.

In another exemplary embodiment, the pharmaceutical for-
mulation includes a compound of the invention, and petrola-
tum.

In an exemplary embodiment, the pharmaceutical formu-
lation comprises C17 and petrolatum. In an exemplary
embodiment, the pharmaceutical formulation comprises C27
and petrolatum. In an exemplary embodiment, the pharma-
ceutical formulation comprises C17 and a member selected
from hydrocarbon oils, waxes, silicone, cetyl alcohol, isopro-
pyl myristate, stearyl alcohol, oleyl alcohol, ethylhexyl
hydroxystearate, octyl hydroxystearate, glycerin, other fatty
alcohols hydroxystearate. In an exemplary embodiment, the
pharmaceutical formulation comprises C27 and a member
selected from hydrocarbon oils, waxes, silicone, cetyl alco-
hol, isopropyl myristate, stearyl alcohol, oleyl alcohol, eth-
ylhexyl hydroxystearate, octyl hydroxystearate, glycerin,
other fatty alcohols hydroxystearate. In an exemplary
embodiment, the pharmaceutical formulation comprises C17
and ethylhexyl hydroxystearate and/or octyl hydroxystearate.
In an exemplary embodiment, the pharmaceutical formula-
tion comprises C27 and ethylhexyl hydroxystearate and/or
octyl hydroxystearate. In an exemplary embodiment, the
pharmaceutical formulation comprises C17, petrolatum and a
member selected from hydrocarbon oils, waxes, silicone,
cetyl alcohol, isopropyl myristate, stearyl alcohol, oleyl alco-
hol, ethylhexyl hydroxystearate, octyl hydroxystearate, glyc-
erin, other fatty alcohols hydroxystearate. In an exemplary
embodiment, the pharmaceutical formulation comprises
C27, petrolatum and a member selected from hydrocarbon
oils, waxes, silicone, cetyl alcohol, isopropyl myristate,
stearyl alcohol, oleyl alcohol, ethylhexyl hydroxystearate,
octyl hydroxystearate, glycerin, other fatty alcohols hydrox-
ystearate. In an exemplary embodiment, the pharmaceutical
formulation comprises C17, petrolatum, oleyl alcohol and
ethylhexyl hydroxystearate. In an exemplary embodiment,
the pharmaceutical formulation comprises C27, petrolatum,
oleyl alcohol and ethylhexyl hydroxystearate.

In an exemplary embodiment, the pharmaceutical formu-
lation is a cream, and comprises a compound of the invention.
In an exemplary embodiment, the compound is C17. In an
exemplary embodiment, the compound is C27.
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In another exemplary embodiment, the pharmaceutical for-
mulation comprises a compound of the invention and a pre-
servative. In an exemplary embodiment, the preservative is a
member selected from benzalkonium chloride, benzetho-
nium, chlorohexidine, phenol, m-cresol, benzyl alcohol,
methylparaben, propylparaben and other parabens, chlorobu-
tanol, o-cresol, p-cresol, chlorocresol, phenylmercuric
nitrate, thimerosal, benzoic acid, and various mixtures
thereof. In an exemplary embodiment, the compound is C17.
In an exemplary embodiment, the compound is C27. In an
exemplary embodiment, the perservative is a paraben. In an
exemplary embodiment, the perservative is a member
selected from methyl paraben and propyl paraben.

In another exemplary embodiment, the pharmaceutical for-
mulation comprises a compound of the invention and a
chelating agent. In another exemplary embodiment, the phar-
maceutical formulation comprises C17 and a chelating agent.

In another exemplary embodiment, the pharmaceutical for-
mulation comprises C27 and a chelating agent. In an exem-
plary embodiment, the chelating agent is edetate sodium.

Exemplary embodiments are summarized herein below.

In an exemplary embodiment, the invention provides a
compound having a structure according to the formula:

Ra /OH
KX/ O

wherein R is a member selected from CN, C(O)NR'R?,
C(O)OR?; wherein R® is a member selected from H and
substituted or unsubstituted alkyl, X is a member selected
from N, CH and CR?, R? is a member selected from halogen
and substituted or unsubstituted alkyl, C(O)R* C(O)OR*,
OR*, NR*R®, wherein R', R%, R* and R® are members inde-
pendently selected from H, substituted or unsubstituted alkyl,
substituted or unsubstituted heteroalkyl, substituted or
unsubstituted cycloalkyl, substituted or unsubstituted hetero-
cycloalkyl, substituted or unsubstituted aryl, and substituted
or unsubstituted heteroaryl, with the proviso that R* and R,
together with the atoms to which they are attached, are
optionally combined to form a 4- to 8-membered substituted
or unsubstituted heterocycloalkyl ring; with the proviso that
R*and R?, together with the atoms to which they are attached,
are optionally combined to form a 4- to 8-membered substi-
tuted or unsubstituted heterocycloalkyl ring, and salts
thereof.

In an exemplary embodiment, according to the above para-
graph, R® is a member selected from H and unsubstituted
alkyl.

In an exemplary embodiment, according to any of the
above paragraphs, the compound has a structure according to
the formula:

NC /OH.
™ B
R? —:r \o

7

In an exemplary embodiment, according to any of the
above paragraphs, the compound has a formula which is a
member selected from:
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In an exemplary embodiment, according to any of the 0
Rb

above paragraphs, the compound has a formula which is a 4

member selec

ted from:

QJ@D

In an exemplary embodiment, according to any of the
above paragraphs, the compound has a formula which is a

member selec

L0

ted from:

IIJ@D

poves

In an exemplary embodiment, according to any of the
above paragraphs, the compound has a structure according to
the formula:

30 In an exemplary embodiment, according to any of the
above paragraphs, the compound has a formula which is a
member selected from:

: OOC\/j\ /< L
40
R3OOC\©\ :
45

35

In an exemplary embodiment, according to any of the ) )
above paragraphs, the compound has a formula which is a In an exemplary embodiment, according to any of the
member selected from:

R

OH
CN
B
B )
@]
Z
N O

H

BpoUe
poUee

H

above paragraphs, the compound has a formula which is a
50 member selected from:

COOR?
B /I /Qi/
COOR?
k Oi /@i/

65 In an exemplary embodiment, according to any of the
above paragraphs, the compound has a formula which is a
member selected from:



US 9,416,146 B2
139 140

/OH CONR R2
R300C
AN B\
P
R? N 0
CONRIR2

OH
R300C B/ 10
JOUSH
e}
R® 0

In an exemplary embodiment, according to any of the
above paragraphs, the compound has a formula which is a

In an exemplary embodiment, according to any of the member selected from:

above paragraphs, the compound has a formula which is a
member selected from:
CONR'R?

20
/OH
COOR?
B
\ \
0
_ CONR!R?
) ) ) 25 /@i/

OH
R300C X B/
N AN
| O 30 In an exemplary embodiment, according to any of the
R0 F o above paragraphs, the compound has a formula which is a

member selected from:

/OH
R300C 35
SN B\ CONRIR2
LA : n /Q:/
P
R® N 0

40
CONRIR?
R300C
\(I /@/ w j@\ KI/
45
Ri00C In an exemplary embodiment, according to any of the
above paragraphs, the compound has a formula which is a
member selected from:
50

CONRIR?
In an exemplary embodiment, according to any of the
above paragraphs, the compound has a structure according to 55
the formula:
CONRIR?

CONR IR? | \o

60 F
Rb
RC—— © OH
K CONR'R? /
Xy B
LA )
0
65 =
R® N

the compound has a formula which is a member selected 0

from:
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Z
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OoH
CONR'R?
B
AN
o)
0
Rb

In an exemplary embodiment, according to any of the
above paragraphs, R® is a member selected from fluorine and
chlorine.

In an exemplary embodiment, according to any of the
above paragraphs, R” is a member selected from OR* and
NR*R®.

In an exemplary embodiment, according to any of the
above paragraphs, R? is OR*, and R* is a member selected
from H, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl, substituted or unsubstituted
cycloalkyl, substituted or unsubstituted heterocycloalkyl,
substituted or unsubstituted aryl, and substituted or unsubsti-
tuted heteroaryl.

In an exemplary embodiment, according to any of the
above paragraphs, R? is OR*, and R* is a member selected
from H, substituted or unsubstituted alkyl, substituted or
unsubstituted heteroalkyl and substituted or unsubstituted

cycloalkyl.

In an exemplary embodiment, according to any of the
above paragraphs, R? is OR?, and R* is unsubstituted C,-C,
alkyl.

In an exemplary embodiment, according to any of the
above paragraphs, R? is OR®, and R* is unsubstituted
cycloalkyl.

In an exemplary embodiment, according to any of the
above paragraphs, R? is OR*, and R* is alkyl, substituted with
a member selected from substituted or unsubstituted C,-Cgq
alkoxy.

In an exemplary embodiment, according to any of the
above paragraphs, R” is OR*, and R* is alkyl, substituted with
at least one halogen.

In an exemplary embodiment, according to any of the
above paragraphs, R? is OR*, and R* is alkyl, substituted with
at least one oxo moiety.

In an exemplary embodiment, according to any of the
above paragraphs, R? is OR*, and R* is a member selected
from —CH,;, —CH,CH,, —(CH,),CH;, —CH(CH,),,
—CH,CF,, —CH,CHF,, —CH,CH,(OH), —CH,CH,
(OCH,), —CH,CH,(OC(CH,),), —C(O)CHs,
—CH,CH,0C(0)CH,, —CH,C(O)OCH,CH,, —CH,C(O)
OC(CH,);, —(CH,),C(O)CH,, —CH,C(0)OC(CH,),,
cyclopentyl, cyclohexyl

7Y

and
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In an exemplary embodiment, according to any of the
above paragraphs, R?is OR*, wherein R* is alkylis optionally
substituted with at least one halogen, hydroxyl, ether, car-
boxy or ester moiety.

In an exemplary embodiment, according to any of the
above paragraphs, R? is OR*, wherein R* is unsubstituted
alkyl.

In an exemplary embodiment, according to any of the
above paragraphs, R? is OR*, wherein R* is unsubstituted C,
or C, or C; alkyl.

In an exemplary embodiment, according to any of the
above paragraphs, R? is OR*, wherein R* is unsubstituted C,,
or C; or Cg alkyl.

In an exemplary embodiment, according to any of the
above paragraphs, R? is OR*, wherein R* is methyl or ethyl or
propyl or isopropyl or isobutyl.

In an exemplary embodiment, according to any of the
above paragraphs, R? is —O(CH,),,, OC(O)R**, wherein m1
is a number selected from 1 or 2 or 3 or 4 or 5 or 6 and R* is
unsubstituted alkyl. In an exemplary embodiment, m1 is 1 or
2 or 3. In an exemplary embodiment, m1 is 2. In an exemplary
embodiment, R* is unsubstituted C, or C, or C, alkyl. In an
exemplary embodiment, R*? is unsubstituted C,, or C, or C,
alkyl. In an exemplary embodiment, R* is methyl. In an
exemplary embodiment, R” is —O(CH,),OC(O)YCH,.

In an exemplary embodiment, according to any of the
above paragraphs, R” is —O(CH,),,,C(O)R*, wherein m1 is
a number selected from 1 or 2 or 3 or 4 or 5 or 6 and R** is
unsubstituted alkyl. In an exemplary embodiment, m1 is 2 or
3 or4. In an exemplary embodiment, m1 is 3. In an exemplary
embodiment, R* is unsubstituted C, or C, or C, alkyl. In an
exemplary embodiment, R*“ is unsubstituted C,, or C, or C,,
alkyl. In an exemplary embodiment, R** is methyl. In an
exemplary embodiment, R” is —O(CH,),C(O)CH,.

In an exemplary embodiment, according to any of the
above paragraphs, R? is —O(CH.,),,, C(O)OR*, wherein m1
is a number selected from 1 or 2 or 3 or 4 or 5 or 6 and R** is
H or unsubstituted alkyl.

In an exemplary embodiment, according to any of the
above paragraphs, R? is —OCH,C(O)YOR*?, wherein R*“is as
described herein.

In an exemplary embodiment, according to any of the
above paragraphs, R* is H or methyl or ethyl or t-butyl.

In an exemplary embodiment, according to any of the
above paragraphs, R? is —O(CH,)C(O)OCH,CH, or
—O(CH,)C(O)OH or —O(CH,)C(O)OC(CH,)s.

In an exemplary embodiment, according to any of the
above paragraphs, R? is OR*, wherein R* is alkyl substituted
with a substituted or unsubstituted amino.

In an exemplary embodiment, according to any of the
above paragraphs, R? is —O(CH,),,,C(O)NR*R¥, wherein
m?2 is a number selected from 1 or 2 or 3 or 4 or 5 or 6, and R**
and R are independently selected from H or unsubstituted
alkyl, or R* and R¥, together with the nitrogen to which they
are attached, are optionally joined to form a substituted or
unsubstituted 4 to 8 membered ring.

In an exemplary embodiment, according to any of the
above paragraphs, R” is OR*, wherein R* is substituted or
unsubstituted cycloalkyl.



US 9,416,146 B2

143

In an exemplary embodiment, according to any of the
above paragraphs, R? is OR*, wherein R* is unsubstituted
cycloalkyl.

In an exemplary embodiment, according to any of the
above paragraphs, R? is —O(CH,),,;OR*°, wherein m5 is 1
or2or3or4orS5or6and R is H or unsubstituted alkyl or
unsubstituted tetrahydropyran.

In an exemplary embodiment, according to any of the
above paragraphs, X is N.

In an exemplary embodiment, according to any of the
above paragraphs, X is CH.

In an exemplary embodiment, according to any of the
above paragraphs, X is CR”.

In an exemplary embodiment, according to any of the
above paragraphs, R” is NR*R®, wherein R* and R® are mem-
bers independently selected from H, substituted or unsubsti-
tuted alkyl, substituted or unsubstituted heteroalkyl, substi-
tuted or unsubstituted cycloalkyl, substituted or unsubstituted
heterocycloalkyl, substituted or unsubstituted aryl, and sub-
stituted or unsubstituted heteroaryl.

In an exemplary embodiment, according to any of the
above paragraphs, R? is NR*R>, wherein R* is H or unsubsti-
tuted alkyl; and R® is unsubstituted alkyl or alkyl substituted
with a member selected from hydroxyl, phenyl, unsubstituted
alkoxy and alkoxy substituted with a phenyl.

In an exemplary embodiment, according to any of the
above paragraphs, R? is NR*R>.

In an exemplary embodiment, according to any of the
above paragraphs, R* is a member selected from H or CH,.

In an exemplary embodiment, according to any of the
above paragraphs, R? is NR*R® wherein R* and R® are each
members independently selected from substituted or unsub-
stituted alkyl.

In an exemplary embodiment, according to any of the
above paragraphs, R? is NR*R>, wherein R is alkyl, substi-
tuted with a member selected from OH, unsubstituted aryla-
Ikoxy, unsubstituted alkoxy, and unsubstituted aryl. In an
exemplary embodiment, R? is NR*R®, wherein R® is
—(CH,),, <Ph.

In an exemplary embodiment, according to any of the
above paragraphs, R” is NR*R®, wherein R> is
—(CH,),,sOR?®, wherein m8 is a number selected from 1 or
2 or3or4or5or6and R* is a member selected from H,
unsubstituted or arylsubstituted C, or C, or C; or C, or C5 or
Cgalkyl.

In an exemplary embodiment, according to any of the
above paragraphs, R? is NR*R®, wherein R” is —(CH.,),,sO
(CH,),,oPh, wherein m8 and m9 are each independently
selected from 1 or 2 or 3.

In an exemplary embodiment, according to any of the
above paragraphs, R? is NR*R®, wherein R* is unsubstituted
alkyl; and R” is substituted or unsubstituted alkyl.

In an exemplary embodiment, according to any of the
above paragraphs, R” is NR*R>, wherein R* is unsubstituted
alkyl; and R® is alkyl, substituted with a member selected
from substituted or unsubstituted alkoxy and hydroxyl.

In an exemplary embodiment, according to any of the
above paragraphs, R? is NR*R®, wherein R* is unsubstituted
alkyl; and R? is alkyl, substituted with unsubstituted alkoxy.

In an exemplary embodiment, according to any of the
above paragraphs, R? is a member selected from N(CH,),,
N(CH,)(CH,CH,(OCH,)), N(CH,)(CH,CH,OH), NH,,
NHCH,, NH(CH,CH,(OCH,)), NH(CH,CH,(OCH,Ph),
NH(CH,Ph), NH(C(CH,);) and NH(CH,CH,OH).

In an exemplary embodiment, according to any of the
above paragraphs, R? is NR*R>, wherein R* and R®, together
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with the nitrogen to which they are attached, are combined to
form a 4- to 8-membered substituted or unsubstituted hetero-
cycloalkyl ring.

In an exemplary embodiment, according to any of the
above paragraphs, R? is NR*R’, wherein R* and R>, together
with the nitrogen to which they are attached, are combined to
form a 5- or 6-membered substituted or unsubstituted hetero-
cycloalkyl ring.

In an exemplary embodiment, according to any of the
above paragraphs, R” is a member selected from:

In an exemplary embodiment, the invention provides a
pharmaceutical formulation comprising: (a) a compound
according to any of the above paragraphs; and (b) a pharma-
ceutically acceptable excipient.

In an exemplary embodiment, according to any of the
above paragraphs, the formulation is in a unit dosage form.

In an exemplary embodiment, according to any of the
above paragraphs, the formulation is for oral or topical use.

In an exemplary embodiment, the invention provides a
method of decreasing the release of a cytokine or a chemok-
ine, the method comprising: contacting a cell with a com-
pound according to any of the above paragraphs or a pharma-
ceutically acceptable salt thereof, wherein the release of the
cytokine or chemokine by the cell is decreased.

In an exemplary embodiment, according to any of the
above paragraphs, the cytokine is a member selected from
IL-1e, IL-1B, IL-2, IL-3, IL-6, IL-7, IL-9, IL-12, IL-17,
1L-18, 1IL-23, TNF-a., LT, LIF, Oncostatin, [FNa, IFN( and
IFN-y.

In an exemplary embodiment, according to any of the
above paragraphs, the cytokine is a member selected from
IL-18, IL-2, 1L-4, IL-5, IL-6, IL-8, IL-1f, IL-12, 1L-23,
TNF-c. and IFN-y.

In an exemplary embodiment, according to any of the
above paragraphs, the cytokine is a member selected from
1L-2, IL-5, IL-1B, IL-12, IL-23, TNF-c. and IFN-y.

In an exemplary embodiment, according to any of the
above paragraphs, the chemokine is a member selected from
1L-8, Gro-a, MIP-1, MCP-1, PGE2, ENA-78, and RANTES.

In an exemplary embodiment, the invention provides a
method of treating a condition, in an animal, the method
comprising administering to the animal a therapeutically
effective amount of'a compound according to any of the above
paragraphs, or a pharmaceutically acceptable salt thereof,
thereby treating the condition.

In an exemplary embodiment, according to any of the
above paragraphs, the condition is a member selected from
arthritis, rheumatoid arthritis, an inflammatory bowel dis-
ease, psoriasis, a pulmonary disease, multiple sclerosis, a
neurodegenerative disorder, congestive heart failure, stroke,
aortic valve stenosis, kidney failure, lupus, pancreatitis,
allergy, fibrosis, anemia, atherosclerosis, a metabolic disease,
a bone disease, a cardiovascular disease, a chemotherapy/
radiation related complication, diabetes type I, diabetes type
11, a liver disease, a gastrointestinal disorder, an ophthamo-
logical disease, allergic conjunctivitis, diabetic retinopathy,
Sjogren’s syndrome, uvetitis, a pulmonary disorder, a renal
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disease, dermatitis, HIV-related cachexia, cerebral malaria,
ankylosing spondolytis, leprosy, anemia and fibromyalgia.

In an exemplary embodiment, according to any of the
above paragraphs, the condition is a member selected from
psoriasis, atopic dermatitis, rheumatoid arthritis, an inflam-
matory bowel disease, asthma and chronic obstructive pul-
monary disease.

In an exemplary embodiment, according to any of the
above paragraphs, the condition is psoriasis, said psoriasis is
a member selected from plaque psoriasis, flexural psoriasis,
Guttate psoriasis, pustular psoriasis, nail psoriasis and eryth-
rodermic psoriasis.

In an exemplary embodiment, according to any of the
above paragraphs, the psoriasis is a member selected from
plaque psoriasis and nail psoriasis.

In an exemplary embodiment, according to any of the
above paragraphs, the animal is a human.

In an exemplary embodiment, according to any of the
above paragraphs, the animal is in need of treatment.

In an exemplary embodiment, according to any of the
above paragraphs, the animal is a human.

In an exemplary embodiment, according to any of the
above paragraphs, the animal is not already in need of treat-
ment by the compound.

In an exemplary embodiment, the invention provides a
method of inhibiting a phosphodiesterase (PDE), the method
comprising: contacting the phosphodiesterase with a com-
pound according to any of the above paragraphs, or a phar-
maceutically acceptable salt thereof, thereby inhibiting the
phosphodiesterase.

In an exemplary embodiment, according to any of the
above paragraphs, the phosphodiesterase is a member
selected from phosphodiesterase4 (PDE4) and phosphodi-
esterase? (PDE7).

The invention is further illustrated by the Examples that
follow. The Examples are not intended to define or limit the
scope of the invention.

EXAMPLES

Proton NMR are recorded on Varian AS 300 (300 MHz) or
AS400 (400 MHz) spectrometer and chemical shifts are
reported as & (ppm) down field from tetramethylsilane. Mass
spectra are determined on Agilent 1200 series plus 6120
Quadrupole LC/MS, Micromass Quattro II or Waters MS
consisting of an Alliance 2795 (LC) and Waters Micromass
7ZQ detector. The mass spectrometer was equipped with an
electrospray ion source (ES) operated in a positive or negative
mode.

The following abbreviations have been used: aqueous is
aq.; O-(7-azabenzotriazol-1-y1)-N,N,N'N'-tetramethyluro-
nium hexafluorophosphate is HATU; N-(3-dimethylamino-
propyl)-N'-ethylcarbodiimide hydrochloride m-CPBA3-
chloroperoxybenzoic acid is EDCI; equivalent is eq.;
diisopropyl azodicarboxylate is DIAD; N,N-dimethylforma-
mide is DMF; dimethylsulfoxide is DMSO; acetic acid is
HOAC; sodium cyanoborohydride is NaCNBH;; room tem-
perature is r.t.; overnight is O/N; tetrahydrofuran is THF;
Di-tert-butyl dicarbonate is Boc,O; methanol is MeOH; etha-
nol is EtOH; trifluoroacetic acid is TFA; Diisopropylethy-
lamine is DIPEA; 1-propanol is PrOH; 2-propanol is iPrOH
and melting point is mp.

All solvents used were commercially available and were
used without further purification. Reactions were typically
run using anhydrous solvents under an inert atmosphere of
nitrogen.
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Compounds are named either manually or by using Chem-
Draw, or using their catalogue name if commercially avail-
able.

HPLC analyses were performed on a Water 600 Controller
system with a Waters 717 Plus Autosampler and a Waters
2996 Photodiode Array Detector. The column used was an
ACE Cg, 5 um, 4.6x150 mm. A linear gradient was applied,
starting at 95% A (A: 0.1% H,PO, in water) and ending at
90% B (B: MeCN) over 6 min and then maintained at 90% B
until the 10 min mark. The column is then re-equilibrated over
3 min to 95:5 with a total run time of 20 min. The column
temperature was at ambient temperature with the flow rate of
1.0 ml/min. The Diode Array Detector was scanned from
200-400 nm.

Thin layer chromatography (TLC) was performed on Alu-
gram (Silica gel 60 F,5,) from Mancherey-Nagel and UV was
typically used to visualize the spots. Additional visualization
methods were also employed in some cases. In these cases the
TLC plate was developed with iodine (generated by adding
approximately 1 g of I, to 10 g silica gel and thoroughly
mixing), vanillin (generated by dissolving about 1 g vanillin
in 100 mL, 10% H,SO,,), ninhydrin (available commercially
from Aldrich), or Magic Stain (generated by thoroughly mix-
ing 25 g (NH,);Mo,0,,.4H,0, 5 g (NH,),Ce(IV)(NO;), in
450 mL water and 50 mL concentrated H,SO,) to visualize
the compound. Flash chromatography was preformed using
typically 40-63 um (230-400 mesh) silica gel from Silicycle
following analogous techniques to those disclosed in Still, W.
C.; Kahn, M.; and Mitra, M. Journal of Organic Chemistry,
1978, 43, 2923-2925. Typical solvents used for flash chroma-
tography or thin layer chromatography were mixtures of
chloroform/methanol, dichloromethane/methanol, ethyl
acetate/methanol and hexanes/ethyl acetate. Reverse phase
column chromatography were performed on a Biotage®
using a Biotage C, ¢ cartridges and a water/methanol gradient
(typically eluting from 5% MeOH/H,O to 90% MeOH/H,0).

Preparative chromatography was performed on either a
Waters Prep LC 4000 System using a Waters 2487 Diode
Array or on a Waters LC Module 1 plus. The column used was
a Waters XTerra Prep C, 4, 5 pm, 30x100 mm or Phenomenex
Luna C,g, 5 um, 21.6x250 mm or Phenomenex Gemini C, g,
5 um, 100x30 mm. Narrow gradients with acetonitrile/water,
with the water containing either 0.1% trifluoroacetic acid or
0.1% acetic acid, were used to elute the compound at a flow
rate of approximately 20 m[./min and a total run time between
20-30 min.

Example 1
Preparation of 3 from 1

1.1 Reduction of Carboxylic Acid

To a solution of 1 (23.3 mmol) in anhydrous THF (70 mL)
under nitrogen was added dropwise a BH; THF solution (1.0
M, 55 mL, 55 mmol) at 0° C. and the reaction mixture was
stirred overnight at room temperature. Then the mixture was
cooled again with ice bath and MeOH (20 mL) was added
dropwise to decompose excess BH;. The resulting mixture
was stirred until no bubble was released and then 10% NaOH
(10 mL) was added. The mixture was concentrated and the
residue was mixed with water (200 mL) and extracted with
EtOAc. The residue from rotary evaporation was purified by
flash column chromatography over silica gel to give 20.7
mmol of 3.
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1.2 Results
Exemplary compounds of structure 3 prepared by the
method above include: 1.2.a 2-Bromo-5-chlorobenzyl Alco-
hol; 1.2.b 2-Bromo-5-methoxybenzyl Alcohol.

Example 2
Preparation of 3 from 2

2.1. Reduction of Aldehyde

To a solution of 2 (Z—H, 10.7 mmol) in methanol (30 mL.)
was added sodium borohydride (5.40 mol), and the mixture
was stirred at room temperature for 1 h. Water was added, and
the mixture was extracted with ethyl acetate. The organic
layer was washed with brine and dried on anhydrous sodium
sulfate. The solvent was removed under reduced pressure to
afford 9.9 mmol of 3.

Exemplary compounds of structure 3 prepared by the
method include: 2.2.a 2-Bromo-5-(4-cyanophenoxy)benzyl
Alcohol; 2.2.b 2-Bromo-4-(4-cyanophenoxy)benzyl Alco-
hol; 2.2.¢c 5-(4-Cyanophenoxy)-1-Indanol; 2.2.d 2-Bromo-5-
(tert-butyldimethylsiloxy)benzyl Alcohol.

Additional examples of compounds which can be pro-
duced by this method include 2-bromo-4-(3-cyanophenoxy)
benzyl alcohol; 2-bromo-4-(4-chlorophenoxy)benzyl alco-
hol; 2-bromo-4-phenoxybenzyl alcohol; 2-bromo-5-(3,4-
dicyanophenoxy)benzyl alcohol; 2-(2-bromo-5-
fluorophenyl)ethyl alcohol; 2-bromo-5-fluorobenzyl alcohol;
and 1-bromo-2-naphthalenemethanol.

Example 3
Preparation of 4 from 3

3.1 Protective Alkylation

Compound 3 (20.7 mmol) was dissolved in CH,Cl, (150
ml) and cooled to 0° C. with ice bath. To this solution under
nitrogen were added in sequence N,N-diisopropyl ethyl
amine (5.4 ml,31.02 mmol, 1.5 eq) and chloromethyl methyl
ether (2 mL, 25.85 mmol, 1.25 eq). The reaction mixture was
stirred overnight at room temperature and washed with
NaHCO;-saturated water and then NaCl-saturated water. The
residue after rotary evaporation was purified by flash column
chromatography over silica gel to give 17.6 mmol of 4.
3.2 Results

Exemplary compounds of structure 4 prepared by the
method above include: 3.2.a 2-Bromo-5-chloro-1-(meth-
oxymethoxymethyl)benzene; 3.2.b 2-Bromo-5-fluoro-1-[1-
(methoxymethoxy)ethyl|benzene; 3.2.c 2-Bromo-5-fluoro-
1-[2-(methoxymethoxy)ethyl|benzene; 3.2.d 2-Bromo-4,5-
difluoro-1-(methoxymethoxymethyl)benzene; 32e
2-Bromo-5-cyano-1-(methoxymethoxymethyl)benzene;
3.2.f 2-Bromo-5-methoxy-1-(methoxymethoxymethyl)ben-
zene; 32.¢g 1-Benzyl-1-(2-bromophenyl)-1-(meth-
oxymethoxy)ethane; 3.2h  2-Bromo-6-fluoro-1-(meth-
oxymethoxymethyl)benzene; 3.24 2-Bromo-4-(4-
cyanophenoxy)-1-(methoxymethoxymethyl)benzene; 3.2,
2-Bromo-5-(tert-butyldimethylsiloxy)-1-(meth-
oxymethoxymethyl)benzene; 3.2k  2-Bromo-5-(2-cy-
anophenoxy)-1-(methoxymethoxymethyl)benzene; 3.21
2-Bromo-5-phenoxy-1-(methoxymethoxymethyl)benzene.

Additional examples of compounds which can be pro-
duced by this method include 2-bromo-1-(meth-
oxymethoxymethyl)benzene; 2-bromo-5-methyl-1-(meth-
oxymethoxymethyl)benzene; 2-bromo-5-
(methoxymethoxymethyl)-1-(methoxymethoxymethyl)
benzene; 2-bromo-5-fluoro-1-(methoxymethoxymethyl)
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benzene; 1-bromo-2-(methoxymethoxymethyl)naphthalene;
2-bromo-4-fluoro-1-(methoxymethoxymethyl)benzene;
2-phenyl-1-(2-bromophenyl)-1-(methoxymethoxy)ethane;
2-bromo-5-(4-cyanophenoxy)-1-(methoxymethoxy methyl)
benzene; 2-bromo-4-(3-cyanophenoxy)-1-(meth-
oxymethoxymethyl)benzene; 2-bromo-4-(4-chlorophe-
noxy)-1-(methoxymethoxymethyl)benzene; 2-bromo-4-
phenoxy-1-(methoxymethoxymethyl)benzene; 2-bromo-5-
(3,4-dicyanophenoxy)-1-(methoxymethoxymethyl)benzene.

Example 4
Preparation of 1 from 4 via 5

4.1 Metallation and Boronylation

To a solution of 4 (17.3 mmol) in anhydrous THF (80 mL)
at —78° C. under nitrogen was added dropwise tert-Bul.i or
n-Buli (11.7 mL) and the solution became brown colored.
Then, B(OMe); (1.93 mL, 17.3 mmol) was injected in one
portion and the cooling bath was removed. The mixture was
warmed gradually with stirring for 30 min and then stirred
with a water bath for 2 h. After addition of 6N HC1 (6 mL), the
mixture was stirred overnight at room temperature and about
50% hydrolysis has happened as shown by TLC analysis. The
solution was rotary evaporated and the residue was dissolved
in MeOH (50 mL) and 6N HCI (4 mL). The solution was
refluxed for 1 h and the hydrolysis was completed as indicated
by TLC analysis. Rotary evaporation gave a residue which
was dissolved in EtOAc, washed with water, dried and then
evaporated. The crude product was purified by flash column
chromatography over silica gel to provide a solid with 80%
purity. The solid was further purified by washing with hexane
to afford 7.2 mmol of 1.
4.2 Results

Analytical data for exemplary compounds of structure I
prepared by the method above include: 4.2.a 5-Chloro-1,3-
dihydro-1-hydroxy-2,1-benzoxaborole (C1); 4.2.b 1,3-Dihy-
dro-1-hydroxy-2,1-benzoxaborole (C2); 4.2. ¢ 5-Fluoro-1,3-
dihydro-1-hydroxy-3-methyl-2,1-benzoxaborole (C3); 4.2.d
6-Fluoro-1-hydroxy-1,2,3,4-tetrahydro-2,1-benzoxaborine
(C4); 4.2.e 5,6-Difluoro-1,3-dihydro-1-hydroxy-2,1-ben-
zoxaborole (C5); 4.2.f 5-Cyano-1,3-dihydro-1-hydroxy-2,1-
benzoxaborole (C6); 4.2.g 1,3-Dihydro-1-hydroxy-5-meth-
oxy-2,1-benzoxaborole (C7); 4.2.h 1,3-Dihydro-1-hydroxy-
5-methyl-2,1-benzoxaborole (C8); 4.2.i 1,3-Dihydro-1-
hydroxy-5-hydroxymethyl-2,1-benzoxaborole (C9); 4.2k
1,3-Dihydro-2-oxa-1-cyclopenta[cnaphthalene (C11); 4.2.1
7-Hydroxy-2,1-oxaborolano[5,4-c]pyridine (C12); 4.2.m
1,3-Dihydro-6-fluoro-1-hydroxy-2,1-benzoxaborole (C13);
4.2n 3-Benzyl-1,3-dihydro-1-hydroxy-3-methyl-2,1-ben-
zoxaborole (C14); 4.2.0 3-Benzyl-1,3-dihydro-1-hydroxy-2,
1-benzoxaborole (C15); 4.2.p 1,3-Dihydro-4-fluoro-1-hy-
droxy-2,1-benzoxaborole (C16); 4.2.q 5-(4-Cyanophenoxy)-
1,3-dihydro-1-hydroxy-2,1-benzoxaborole (C17); 4.2.r 6-(4-
Cyanophenoxy)-1,3-dihydro-1-hydroxy-2,1-benzoxaborole
(C18); 4.2.5 6-(3-Cyanophenoxy)-1,3-dihydro-1-hydroxy-2,
1-benzoxaborole (C19); 4.2.t 6-(4-Chlorophenoxy)-1,3-di-
hydro-1-hydroxy-2,1-benzoxaborole (C20); 4.2.u 6-Phe-
noxy-1,3-dihydro-1-hydroxy-2,1-benzoxaborole (C21);
42v  5-(4-Cyanobenzyloxy)-1,3-dihydro-1-hydroxy-2,1-
benzoxaborole (C22); 4.2.w 5-(2-Cyanophenoxy)-1,3-dihy-
dro-1-hydroxy-2,1-benzoxaborole (C23); 4.2.x 5-Phenoxy-
1,3-dihydro-1-hydroxy-2,1-benzoxaborole (C24); 4.2y
5-[4-(N,N-Diethylcarbamoyl)phenoxy]-1,3-dihydro-1-hy-
droxy-2,1-benzoxaborole (C25); 4.2.z 1,3-Dihydro-1-hy-
droxy-5-[4-(morpholinocarbonyl)phenoxy]-2,1-benzox-
aborole (C26); 4.2.aa 5-(3,4-Dicyanophenoxy)-1,3-dihydro-
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1-hydroxy-2,1-benzoxaborole (C27); 4.2.ab 6-Phenylthio-1,
3-dihydro-1-hydroxy-2,1-benzoxaborole (C28); 4.2.ac 6-(4-
trifluoromethoxyphenoxy)-1,3-dihydro-1-hydroxy-2,1-
benzoxaborole (C29); 4.2.ad 5-(N-Methyl-N-
phenylsulfonylamino)-1,3-dihydro-1-hydroxy-2,1-
benzoxaborole (C30); 4.2.ae 6-(4-Methoxyphenoxy)-1,3-
dihydro-1-hydroxy-2,1-benzoxaborole (C31); 4.2.af 6-(4-
Methoxyphenylthio)-1,3-dihydro-1-hydroxy-2,1-
benzoxaborole (C32); 4.2.ag 6-(4-Methoxyphenylsulfonyl)-
1,3-dihydro-1-hydroxy-2,1-benzoxaborole (C33); 4.2.ah
6-(4-Methoxyphenylsulfinyl)-1,3-dihydro-1-hydroxy-2,1-
benzoxaborole (C34); 4.2.ai 5-Trifluoromethyl-1,3-dihydro-
1-hydroxy-2,1-benzoxaborole (C35) and 4.2.aj 4-(4-Cy-
anophenoxy)-1,3-dihydro-1-hydroxy-2,1-benzoxaborole
(C36).

For coupling reaction between 4-fluorobenzonitrile and
substituted phenol to give starting material 2, see Igarashi, S.;
et al. Chemical & Pharmaceutical Bulletin (2000), 48(11),
1689-1697.

7-(4-Cyanophenoxy)-1,3-dihydro-1-hydroxy-2,1-
benzoxaborole (C100)

For coupling reaction between 4-fluorobenzonitrile and
substituted phenol to give starting material 2, see Igarashi, S.;
et al. Chemical & Pharmaceutical Bulletin (2000), 48(11),
1689-1697.

4.2.ak 5-(3-Cyanophenoxy)-1,3-dihydro-1-hydroxy-
2,1-benzoxaborole (C37)

For coupling between 3-fluorobenzonitrile and substituted
phenol to give starting material 2: Li, F. et al., Organic Letters
(2003), 5(12), 2169-2171.

4.2.al
5-(4-Carboxyphenoxy)-1-hydroxy-2,1-benzoxaborole
(C38)

To a solution of 5-(4-cyanophenoxy)-1-hydroxy-2,1-ben-
zoxaborole obtained in C17 (430 mg, 1.71 mmol) in ethanol
(10 mL) was added 6 mol/L. sodium hydroxide (2 mL), and
the mixture was refluxed for 3 hours. Hydrochloric acid (6
mol/L, 3 mL) was added, and the mixture was extracted with
ethyl acetate. The organic layer was washed with brine and
dried on anhydrous sodium sulfate. The solvent was removed
under reduced pressure, and the residue was purified by silica
gel column chromatography (ethyl acetate) followed by tritu-
ration with diisopropyl ether to give the target compound (37
mg, 8%).

4.2.am 1-Hydroxy-5-[4-(tetrazole-1-yl)phenoxy]-2,
1-benzoxaborole (C39)

A mixture of 5-(4-cyanophenoxy)-1-hydroxy-2,1-benzox-
aborole (200 mg, 0.797 mmol), sodium azide (103 mg, 1.59
mmol), and ammonium chloride (85 mg, 1.6 mmol) in N,N-
dimethylformamide (5 mL.) was stirred at 80° C. for two days.
Water was added, and the mixture was extracted with ethyl
acetate. The organic layer was washed with water and brine,
and dried on anhydrous sodium sulfate. The solvent was
removed under reduced pressure, and the residue was purified
by silica gel column chromatography (ethyl acetate) followed
by trituration with ethyl acetate to give the target compound
(55 mg, 23%).
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Example 5

Preparation of 1 from 2 via 6

5.1 Catalytic Boronylation, Reduction and Cyclization

A mixture of 2 (10.0 mmol), bis(pinacolato)diboron (2.79
g, 11.0 mmol), PACL,(dpp?) (250 mg, 3 mol %), and potas-
sium acetate (2.94 g, 30.0 mmol) in 1,4-dioxane (40 mL.) was
stirred at 80° C. for overnight. Water was added, and the
mixture was extracted with ethyl acetate. The organic layer
was washed with brine and dried on anhydrous sodium sul-
fate. The solvent was removed under reduced pressure. The
crude product was dissolved in tetrahydrofuran (80 mL), then
sodium periodate (5.56 g, 26.0 mmol) was added. After stir-
ring at room temperature for 30 min, 2N HCI (10 mL) was
added, and the mixture was stirred at room temperature for
overnight. Water was added, and the mixture was extracted
with ethyl acetate. The organic layer was washed with brine
and dried on anhydrous sodium sulfate. The solvent was
removed under reduced pressure, and the residue was treated
with ether to afford 6.3 mmol of the corresponding boronic
acid. To the solution of the obtained boronic acid (0.595
mmol) in methanol (5 mL) was added sodium borohydride
(11 mg, 0.30 mmol), and the mixture was stirred at room
temperature for 1 h. Water was added, and the mixture was
extracted with ethyl acetate. The organic layer was washed
with brine and dried on anhydrous sodium sulfate. The sol-
vent was removed under reduced pressure, and the residue
was purified by silica gel column chromatography to give
0.217 mmol of I.

Example 6
Preparation of 1 from 3

6.1 One-Pot Boronylation and Cyclization

To asolution of3 (4.88 mmol) and triisopropyl borate (1.35
ml, 5.86 mmol) in tetrahydrofuran (10 mL) was added n-bu-
tyllithium (1.6 mol/LL in hexanes; 6.7 mL, 10.7 mmol) drop-
wise over 15 min at —=78° C. under nitrogen atmosphere, and
the mixture was stirred for 2 h while allowing to warm to
room temperature. The reaction was quenched with 2N HCI,
and extracted with ethyl acetate. The organic layer was
washed with brine and dried on anhydrous sodium sulfate.
The solvent was removed under reduced pressure, and the
residue was purified by silica gel column chromatography
and treated with pentane to give 0.41 mmol of I.

Example 7
Preparation of 1 from 3

7.1 One-Pot Boronylation and Cyclization with Distillation

To a solution of 3 (4.88 mmol) in toluene (20 ml.) was
added triisopropyl borate (2.2 mL, 9.8 mmol), and the mix-
ture was heated at reflux for 1 h. The solvent, the generated
isopropyl alcohol and excess triisopropyl borate were
removed under reduced pressure. The residue was dissolved
in tetrahydrofuran (10 mL) and cooled to -78° C. n-Butyl-
lithium (3.2 mL, 5.1 mmol) was added dropwise over 10 min,
and the mixture was stirred for 1 h while allowing to warm to
room temperature. The reaction was quenched with 2N HCI,
and extracted with ethyl acetate. The organic layer was
washed with brine and dried on anhydrous sodium sulfate.
The solvent was removed under reduced pressure, and the
residue was purified by silica gel column chromatography to
give 1.54 mmol of 1.



US 9,416,146 B2

151
Example 8

Preparation of 8 from 7

8.1 Bromination

To a solution of 7 (49.5 mmol) in carbon tetrachloride (200
ml) were added N-bromosuccinimide (8.81 g, 49.5 mmol)
and N,N-azoisobutylonitrile (414 mg, 5 mol %), and the
mixture was heated at reflux for 3 h. Water was added, and the
mixture was extracted with chloroform. The organic layer
was washed with brine and dried on anhydrous sodium sul-
fate. The solvent was removed under reduced pressure to give
the crude methyl-brominated intermediate 8.

Example 9

Preparation of 3 from 8

9.1 Hydroxylation

To crude 8 (49.5 mmol) were added dimethylformamide
(150 mL) and sodium acetate (20.5 g, 250 mmol), and the
mixture was stirred at 80° C. for overnight. Water was added,
and the mixture was extracted with ether. The organic layer
was washed with water and brine, and dried on anhydrous
sodium sulfate. The solvent was removed under reduced pres-
sure. To the residue was added methanol (150 mL) and 1N
sodium hydroxide (50 mL), and the mixture was stirred at
room temperature for 1 h. The reaction mixture was concen-
trated to about a third of volume under reduced pressure.
Water and hydrochloric acid were added, and the mixture was
extracted with ethyl acetate. The organic layer was washed
with water and brine, and dried on anhydrous sodium sulfate.
The solvent was removed under reduced pressure, and the
residue was purified by silica gel column chromatography
followed by trituration with dichloromethane to give 21.8
mmol of 3.
9.2 Results

Exemplary compounds of structure 3 prepared by the
method above include: 9.2.a 2-Bromo-5-cyanobenzyl Alco-
hol.

Additional examples of compounds which can be pro-
duced by this method include 2-bromo-5-(4-cyanophenoxy)
benzyl alcohol.

Example 10

Preparation of 9 from 2

10.1 Reaction

A mixture of 2 (20.0 mmol), (methoxymethyl)triph-
enylphosphonium chloride (8.49 g, 24.0 mmol), and potas-
sium tert-butoxide (2.83 g, 24.0 mol) in N,N-dimethylforma-
mide (50 mL) was stirred at room temperature for overnight.
The reaction was quenched with 6 N HCI, and the mixture
was extracted with ethyl acetate. The organic layer was
washed with water (x2) and brine, and dried on anhydrous
sodium sulfate. The solvent was removed under reduced. To
the residue were added tetrahydrofuran (60 ml.) and 6 N HCl,
and the mixture was heated at reflux for 8 h. Water was added,
and the mixture was extracted with ether. The organic layer
was washed with brine and dried on anhydrous sodium sul-
fate. The solvent was removed under reduced pressure to
afford 16.6 mmol of 9.

Example 11
Preparation Method of Step 13
11.1 Reaction
A solution of 1 in an appropriate alcohol solvent (R*—OH)

was refluxed under nitrogen atmosphere and then distilled to
remove the alcohol to give the corresponding ester.
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Example 12

Preparation of Ib from Ia

12.1 Reaction

To a solution of Ia in toluene was added amino alcohol and
the participated solid was collected to give Ib.
12.2 Results

(500 mg, 3.3 mmol) was dissolved in toluene (37 mL) at
80° C. and ethanolamine (0.20 mL, 3.3 mmol) was added.
The mixture was cooled to room temperature, then ice bath,
and filtered to give C38 as a white powder (600.5 mg, 94%).

Example 13

5-(4-Carboxyphenoxy)-1-hydroxy-2,1-benzoxaborole
(C38)

To a solution of 5-(4-cyanophenoxy)-1-hydroxy-2,1-ben-
zoxaborole obtained in C17 (430 mg, 1.71 mmol) in ethanol
(10 mL) was added 6 mol/L. sodium hydroxide (2 mL), and
the mixture was refluxed for 3 hours. Hydrochloric acid (6
mol/L, 3 mL) was added, and the mixture was extracted with
ethyl acetate. The organic layer was washed with brine and
dried on anhydrous sodium sulfate. The solvent was removed
under reduced pressure, and the residue was purified by silica
gel column chromatography (ethyl acetate) followed by tritu-
ration with diisopropyl ether to give the target compound (37
mg, 8%).

Example 14

1-Hydroxy-5-[4-(tetrazole-1-yl)phenoxy]-2,1-ben-
zoxaborole (C39)

A mixture of 5-(4-cyanophenoxy)-1-hydroxy-2,1-benzox-
aborole (200 mg, 0.797 mmol), sodium azide (103 mg, 1.59
mmol), and ammonium chloride (85 mg, 1.6 mmol) in N,N-
dimethylformamide (5 mL) was stirred at 80° C. for two days.
Water was added, and the mixture was extracted with ethyl
acetate. The organic layer was washed with water and brine,
and dried on anhydrous sodium sulfate. The solvent was
removed under reduced pressure, and the residue was purified
by silica gel column chromatography (ethyl acetate) followed
by trituration with ethyl acetate to give the target compound
(55 mg, 23%).

Example 15

4-(4-Cyanophenoxy)phenylboronic acid (C97)

F
NC K,CO3/DMF
100°C. 16 h
+ T .
HO
Br
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-continued
Br

1. (i-PrO);B/THF

n-Bulli,
-78°C.tort.
2. HCI/H,O
(0] MeOH
NC
(0]
OH
NC B~
OH

(a) (4-cyanophenyl)(4-bromophenyl)ether

Under nitrogen, the mixture of 4-fluorobenzonitrile (7.35
g, 60.68 mmol), 4-bromophenol (10 g, 57.8 mmol) and potas-
sium carbonate (12 g, 1.5 eq) in DMF (100 mL) was stirred at
100° C. for 16 h and then filtered. After rotary evaporation, the
residue was dissolved in ethyl acetate and washed with 1N
NaOH solution to remove unreacted phenol. The organic
solution was dried and passed through a short silica gel col-
umn to remove the color and minor phenol impurity. Evapo-
ration of the solution gave (4-cyanophenyl)(4-bromophenyl)
ether (13.82 g, yield 87.2%) as a white solid. '"H NMR (300
MHz, DMSO-d,): 8 7.83 (d, 2H), 7.63 (d, 2H), 7.13 (d, 2H)
and 7.10 (d, 2H) ppm.

(b) 4-(4-cyanophenoxy )phenylboronic acid

The procedure described in Example 2d was used for the
synthesis of 4-(4-cyanophenoxy)phenylboronic acid using
(4-cyanophenyl)(4-bromophenyl)ether as starting material.
The title compound was obtained as a white solid. M.p. 194-
198° C. MS: m/z=239 (M+), 240 (M+1) (ESI+) and m/z=238
(M-1) (ESI-). HPLC: 95.3% purity at 254 nm and 92.1% at
220 nm. "H NMR (300 MHz, DMSO-d+D,0): § 7.83-7.76
(m, 4H), 7.07 (d, 2H) and 7.04 (d, 2H) ppm.

Example 16
3-(4-Cyanophenoxy )phenylboronic acid (C98)

By following the procedures described for the synthesis of
C21, the title compound was acquired from (4-cyanophenyl)
(3-bromophenyl)ether that was prepared using 3-bromophe-
nol and 4-fluorobenzonitrile as starting materials. The prod-
uct was obtained as a white solid.

Example 17

4-(4-Cyanophenoxy)-2-Methylphenylboronic acid
(C99)

By following the procedures described for the synthesis of
C21, the title compound was acquired from (4-cyanophenyl)
(4-bromo-3-methylphenyl)ether that was prepared using
4-bromo-3-methylphenol and 4-fluorobenzonitrile as starting
materials. The product was obtained as a cream solid.
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Example 18

Cyclic Boronic Esters

Additional compounds can be produced by the methods
described herein. By choosing the appropriate starting mate-
rial such as 1 or 3, the methods described herein can be used
to formulate the following compounds.

Exemplary compounds of structure 1 are provided: 18a
Ethyl  2-(1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborol-5-
yloxy)acetate (C41); 18b 2-(1-hydroxy-1,3-dihydrobenzo|c]
[1,2]oxaborol-5-yloxy)acetic acid (C42); 18¢ 6-(thiophen-2-
ylthio)benzo[c][1,2]oxaborol-1(3H)-0l (C43); 18d 6-(4-
fluorophenylthio)benzo|c][1,2]oxaborol-1(3H)-0l ~ (C44);
18¢  1-(3((1-hydroxy-1,3-dihydrobenzo[c][1,2]oxaborol-5-
yloxy)methyl)phenyl)pentan-1-one (C45); 18f 2-(1-hy-
droxy-1,3-dihydrobenzo|c][ 1,2]oxaborol-5-yloxy)-1-(pip-
eridin-1-yl)ethanone  (C46); 18g  2-(1-hydroxy-1,3-
dihydrobenzo[c][1,2]oxaborol-5-yloxy)-1-(4-(pyrimidin-2-
yDpiperazin-1-yl)ethanone (C47); 18h 6-(4-(pyridin-2-yl)
piperazin-1-yl)benzo[c][1,2]oxaborol-1(3H)-01 (C48); 18i
6-nitrobenzo|c][1,2]oxaborol-1(3H)-0l (C49); 18] 6-ami-
nobenzo[c][1,2]oxaborol-1(3H)-ol (C50); 18k 6-(dimethy-
lamino)benzo[c][1,2]oxaborol-1(3H)-o0l (C51); 181 N-(1-hy-
droxy-1,3-dihydrobenzo|c][1,2]oxaborol-6-yl)benzamide
(C52); 18m  6-(4-phenylpiperazin-1-yl)benzo[c][1,2]ox-
aborol-1(3H)-o0l (C53); 18n 6-(1H-indol-1-yl)benzo|c][1,2]
oxaborol-1(3H)-ol (C55); 180 6-morpholinobenzo|c][1,2]
oxaborol-1(3H)-ol (C56); 18p 6-(1-hydroxy-1,3-
dihydrobenzo[c][1,2]oxaborol-5-yloxy)nicotinonitrile
(C57); 18q 5-fluoro-6-nitrobenzo|c][1,2]oxaborol-1(3H)-o0l
(C58); 18r 5-bromo-6-(hydroxymethyl)benzo[c][1,2]ox-
aborol-1(3H)-o0l (C59); 18s 3,7-dihydro-1,5-dihydroxy-1H,
3H-Benzo[1,2-c:4,5-c'|bis[1,2]oxaborole (C60); 18t 1-(1-
hydroxy-1,3-dihydrobenzo|c][1,2]oxaborol-6-y1)-3-
phenylurea (C61); 18u N-(1-hydroxy-1,3-dihydrobenzo|c]
[1,2]oxaborol-6-yl)benzenesulfonamide (C62); 18v N-(1-
hydroxy-1,3-dihydrobenzo|c][ 1,2]oxaborol-6-yl)acetamide
(C63); 18w 7-(hydroxymethyl)benzo|c][1,2]oxaborol-1
(3H)-ol (C64); 18x7-methylbenzo|c][1,2]oxaborol-1(3H)-o0l
(C65); 18y 6-(3-(phenylthio)-1H-indol-1-yl)benzo[c][1,2]
oxaborol-1(3H)-0l (C66); 18z 3-(1-(1-hydroxy-1,3-dihy-
drobenzo[c][1,2]oxaborol-6-yl)-1H-indol-3-ylthio)pro-
panenitrile (C67); 18aa 6-(5-methoxy-1H-indol-1-yl)benzo
[c][1,2]oxaborol-1(3H)-ol (C68); 18ab 5,6-
methylenedioxybenzo[c][1,2]oxaborol-1(3H)-ol. (C69);
18ac 6-amino-5-fluorobenzo|c][1,2]oxaborol-1(3H)-o0l
(C70); 18ad  6-(benzylamino)-5-fluorobenzo[c][1,2]ox-
aborol-1(3H)-o0l (C71); 18ae 6-(5-methoxy-3-(phenylthio)-
1H-indol-1-yl)benzo[c][1,2]oxaborol-1(3H)-ol (C72); 18af
3-(1-(1-hydroxy-1,3-dihydrobenzo[c][ 1,2 Joxaborol-6-y1)-5-
methoxy-1H-indol-3-ylthio)propanenitrile (C73); 18ag 4-(1-
hydroxy-1,3-dihydrobenzo|c][ 1,2]oxaborol-7-yloxy)ben-
zonitrile (C74); 18ah 6-(5-chloro-1H-indol-1-yl)benzo|c][1,
2Joxaborol-1(3H)-ol (C75); 18ai 3-(5-chloro-1-(1-hydroxy-
1,3-dihydrobenzo[c][1,2]oxaborol-6-yl1)-1H-indol-3-ylthio)
propanenitrile (C76); 18aj 6-(benzylamino)benzo[c][1,2]
oxaborol-1(3H)-ol (C77); 18ak 6-(dibenzylamino)benzo[c]
[1,2]oxaborol-1(3H)-ol (C78); 18al 7-(4-(1H-tetrazol-5-yl)
phenoxy)benzo|c][1,2]oxaborol-1(3H)-0l (C79); 18am 6-(5-
chloro-3-(phenylthio)-1H-indol-1-yl)benzo[c][1,2]
oxaborol-1(3H)-0ol (C80); 18an 6-(4-(pyrimidin-2-yl)
piperazin-1-yl)benzo[c][1,2]oxaborol-1(3H)-0l (C82); 18ao0
7-(benzyloxy)benzo|c][1,2]oxaborol-1(3H)-0l (C83); 18ap
4-(1-hydroxy-1,3-dihydrobenzo|c][ 1,2]oxaborol-6-ylthio)
pyridinium chloride (C84); 18aq 6-(pyridin-2-ylthio)benzo
[c][1,2]oxaborol-1(3H)-0l (C85); 18ar 7-fluorobenzo[c][1,2]



US 9,416,146 B2

155
oxaborol-1(3H)-0l (C86); 18as 6-(4-(trifluoromethyl)
phenoxy)benzo|c][1,2]oxaborol-1(3H)-ol (C87); 18at 6-(4-
chlorophenylthio)benzo[c][1,2]oxaborol-1(3H)-0ol  (C88);
18au  6-(4-chlorophenylsulfinyl)benzo[c][1,2]oxaborol-1
(3H)-ol (C89); 18av 6-(4-chlorophenylsulfonyl)benzo[c][1,
2Joxaborol-1(3H)-ol (C90); 18aw N-(1-hydroxy-1,3-dihy-
drobenzo[c][1,2]oxaborol-5-y1)-N-(phenylsulfonyl)
benzenesulfonamide (C91); 18ax 6-(4-(trifluoromethyl)
phenylthio)benzo[c][1,2]oxaborol-1(3H)-0l (C92); 18ay
6-(4-(trifluoromethyl)phenylsulfinyl)benzo[c][1,2]ox-
aborol-1(3H)-0l (C93); 18az 6-(4-(methylthio)phenylthio)
benzo[c][1,2]oxaborol-1(3H)-0l (C94); 18ba 6-(p-tolylthio)
benzo[c][1,2]oxaborol-1(3H)-o01 (C95); 18bb 3-((1-hydroxy-
1,3-dihydrobenzo[c][1,2]oxaborol-5-yloxy)methyl)
benzonitrile (C96).

Example 19

19a 5-(4-Cyanobenzyloxy)-1,3-dihydro-1-hydroxy-
2,1-benzoxaborole (D1)

OH

@
~
o/

NC

A mixture of 4-bromo-3-formylphenol (252 g, 125
mmol), tert-butyldimethylchlorosilane (21.4 g, 138 mmol),
and imidazole (9.63 g, 140 mmol) in dichloromethane (300
ml.) was stirred at room temperature for 3 hours. Water was
added, and the mixture was extracted with chloroform. The
organic layer was washed with brine and dried on anhydrous
sodium sulfate. The solvent was removed under reduced pres-
sure to give the crude silyl ether (40.9 g, quant). To a solution
of'the crude silyl ether (36.8 g, 117 mmol) in methanol (300
ml) was added sodium borohydride (2.22 g, 58.4 mmol)
portionwise at 0° C., and the mixture was stirred at room
temperature for 1 hour. Water was added slowly, and the
solvent was removed under reduced pressure to about a third
of'volume. The mixture was extracted with ethyl acetate. The
organic layer was washed with brine and dried on anhydrous
sodium sulfate. The solvent was removed under reduced pres-
sure to give 2-bromo-5-tert-butyldimethylsiloxybenzylal-
cohol (36.9 g, quant).

'H-NMR (300 MHz, CDCl,) 8 (ppm) 0.20 (s, 6H), 0.98 (s,
9H), 4.67 (br s, 1H), 6.65 (dd, J=8.2, 2.6 Hz, 1H), 6.98 (d,
J=2.9 Hz, 1H), 7.36 (d, J=8.8 Hz, 1H).

To a solution of 2-bromo-5-tert-butyldimethylsiloxyben-
zylalcohol (36.9 g, 116 mmol) and diisopropylethylamine
(26.0 mL, 150 mmol) in dichloromethane (300 mL) was
added chloromethyl methyl ether (11.0 mL, 145 mmol), and
the mixture was stirred at room temperature for overnight.
Water was added, and the mixture was extracted with chlo-
roform. The organic layer was washed with brine and dried on
anhydrous sodium sulfate. The solvent was removed under
reduced pressure, and the residue was purified by silica gel
column chromatography (96:4 hexane/ethyl acetate) to give
1-bromo-4-tert-butyldimethylsiloxy-2-methoxymethoxym-
ethylbenzene (39.3 g, 94%)).
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'"H-NMR (300 MHz, CDCl5) 8 (ppm) 0.19 (s, 6H), 0.98 (s,
9H), 3.43 (s, 3H), 4.59 (s, 2H), 4.75 (s, 2H), 6.64 (dd, J=8.5,
2.9 Hz, 1H), 6.98 (d, J=2.9 Hz, 1H), 7.36 (d, J=8.5 Hz, 1H).

To a solution of 1-bromo-4-tert-butyldimethylsiloxy-2-
methoxymethoxymethylbenzene (34.2 g, 94.8 mmol) in tet-
rahydrofuran (100 mL.) was added tetrabutylammonium fluo-
ride (1 mol/L in tetrahydrofuran, 50 mL.), and the mixture was
stirred at room temperature for 1 hour. Water was added, and
the mixture was extracted with ethyl acetate. The organic
layer was washed with brine and dried on anhydrous sodium
sulfate. The solvent was removed under reduced pressure, and
the residue was purified by silica gel column chromatography
(2:1 hexane/ethyl acetate) to give 4-bromo-3-(meth-
oxymethoxymethyl)phenol (25.9 g, quant).

'"H-NMR (300 MHz, CDCl,) 8 (ppm) 3.44 (s, 3H), 4.61 (s,
2H), 4.77 (s, 2H), 6.66 (dd, J=8.5, 2.9 Hz, 1H), 7.00 (d, J=2.9
Hz, 1H), 7.37 (d, J=8.5 Hz, 1H).

A mixture of 4-bromo-3-(methoxymethoxymethyl)phenol
(2.47 g, 10.0 mmol), 4-cyanobenzyl bromide (1.88 g, 9.50
mmol), and potassium carbonate (1.66 g, 12.0 mmol) in N,N-
dimethylformamide (20 mL.) was stirred at 70° C. for over-
night. Water was added, and the mixture was extracted with
ethyl acetate. The organic layer was washed with brine and
dried on anhydrous sodium sulfate. The solvent was removed
under reduced pressure to give 4-[4-bromo-3-(meth-
oxymethoxymethyl)phenoxymethyl|benzonitrile (1.88 g,
95%).

The above compound was converted into the target com-
pound in a similar manner to Example 4.2.q (C17).

'"H-NMR (300 MHz, DMSO-d) 8 (ppm) 4.90 (s, 2H), 5.25
(s, 2H), 6.98 (dd, J=7.9, 2.1 Hz, 1H), 7.03 (d, J=1.8 Hz, 1H),
7.62 (d, J=7.9 Hz, 1H), 7.64 (d, J=8.5 Hz, 2H), 7.86 (d, J=8.5
Hz, 1H), 9.01 (s, 1H).

19b 5-(3-Chloro-4-cyanophenoxy)-1,3-dihydro-1-
hydroxy-2,1-benzoxaborole (D2)

OH
NC B

Cl (6]

A mixture of 2-bromo-5-hydroxybenzaldehyde (60.0 g,
299 mmol), ethylene glycol (56 mL, 1.00 mol), and p-tolu-
enesulfonic acid (1.14 g, 5.98 mmol) in toluene (450 mL) was
refluxed with Dean-Stark head for overnight. Potassium car-
bonate (3 g) was added, and the mixture was extracted with
ethyl acetate. The organic layer was washed with brine and
dried on anhydrous sodium sulfate. The solvent was removed
under reduced pressure to give 4-bromo-3-(1,3-dioxolan-2-
yDphenol (66.1 g, 90%).

"H-NMR (300 MHz, DMSO-dy) 8 (ppm) 3.9-4.1 (m, 4H),
5.81 (s, 1H), 6.71 (dd, J=8.5, 2.9 Hz, 1H), 6.96 (d, J=2.9 Hz,
1H), 7.36 (d, J=7.9 Hz, 1H), 9.81 (br s, 1H).

A mixture of 2-chloro-4-fluorobenzonitrile (4.43 g, 28.4
mmol), 4-bromo-3-(1,3-dioxolan-2-yl)phenol (6.96 g, 28.4
mmol), and potassium carbonate (4.70 g, 34.1 mmol) in N,N-
dimethylformamide (60 mL) was stirred at 100° C. under
nitrogen atmosphere overnight. The mixture was poured into
ethyl acetate/water. The organic layer was washed with brine
and dried on anhydrous sodium sulfate. The solvent was
removed under reduced pressure to give crude 4-(4-bromo-
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3-(1,3-dioxolan-2-yl)phenoxy)-3-chlorobenzonitrile  (10.8
g), which was used for the next step without purification.

The compound obtained above (10.8 g) was dissolved in
tetrahydrofuran (40 mL) and 3 M HCl (20 mL) was added,
and the mixture was refluxed for 2 h. Water was added, and the
mixture was extracted with ethyl acetate. The organic layer
was washed with brine and dried on anhydrous sodium sul-
fate. The solvent was removed under reduced pressure to give
4-(4-bromo-3-formylphenoxy)-3-chlorobenzonitrile (9.76 g,
quant.).

'H-NMR (300 MHz, CDCl,) 8 (ppm) 6.94 (dd, J=8.5, 2.3
Hz, 1H), 7.06 (d, I=2.3 Hz, 1H), 7.21 (dd, J=8.5, 2.9 Hz, 1H),
7.59(d, J=2.9 Hz, 1H), 7.64 (d, J=8.5 Hz, 1H), 7.73 (d, J=8.5
Hz, 1H), 10.2 (s, 1H).

To a solution of 4-(4-bromo-3-formylphenoxy)-3-chlo-
robenzonitrile (9.25 g, 27.4 mmol) in methanol (80 mL) was
added sodium borohydride (522 mg, 13.7 mmol) portionwise
at 0° C., and the mixture was stirred at room temperature for
1 h. The solvent was removed to about a half volume, 1 M HC1
was added, and the mixture was poured into ethyl acetate/
water. The organic layer was washed with brine and dried on
anhydrous sodium sulfate. The solvent was removed under
reduced pressure and the residue was purified by silica gel
chromatography (8:2 to 7:3 hexane/ethyl acetate) to give
4-(4-bromo-3-(hydroxymethyl)phenoxy)-3-chlorobenzoni-
trile (8.19 g, 3 steps, 85%).

'H-NMR (300 MHz, CDCl,) 8 (ppm) 1.87 (brs, 1H), 4.75
(s, 2H), 6.89 (dd, J=8.5, 2.9 Hz, 1H), 6.92 (dd, J=8.8, 2.6 Hz,
1H), 7.03 (d, J=2.6 Hz, 1H), 7.27 (d, J=2.9 Hz, 1H), 7.58 (d,
J=8.8 Hz, 1H), 7.61 (d, J=8.8 Hz, 1H).

To a solution of 4-(4-bromo-3-(hydroxymethyl)phenoxy)-
3-chlorobenzonitrile (4.08 g, 12 mmol) in toluene (160 mL.)
was added triisopropyl borate (4.15 mL., 18.0 mmol), and the
solvent was distilled out through Dean-Stark head to a vol-
ume of ca. 3 mL. Tetrahydrofuran (3 ml.) was added, and the
mixture was cooled down to —=78° C. Then n-butyllithium (1.6
M in hexanes, 7.5 mL, 12 mmol) was added dropwise, and the
mixture was allowed to warm to room temperature. The reac-
tion was quenched with 1 M HCI, and the mixture was
extracted with ethyl acetate. The organic layer was washed
with brine and dried on anhydrous sodium sulfate. The sol-
vent was removed under reduced pressure and the residue was
purified by silica gel chromatography (70:30to 55:45 hexane/
ethyl acetate) followed by trituration with isopropyl ether to
give 5-(3-Chloro-4-cyanophenoxy)-1-hydroxy-2,1-benzox-
aborole (1.64 g, 39%).

'H-NMR (300 MHz, DMSO-dy) 8 (ppm) 4.97 (s, 2H), 7.08
(dd, J=8.9, 2.3 Hz, 1H), 7.13 (dd, J=7.9, 2.1 Hz, 1H), 7.20 (d,
J=2.1Hz, 1H),7.36 (d,J=2.3 Hz, 1H), 7.80 (d, J=7.9 Hz, 1H),
7.96 (d, J=8.8 Hz, 1H), 9.25 (s, 1H).

19¢ 5-(4-Cyano-3-methylphenoxy)-1,3-dihydro-1-
hydroxy-2,1-benzoxaborole (D3)

OH
NC .
N\

o

Me O

This compound was obtained in a similar manner to
Example 19b (D2) from 4-fluoro-2-methylbenzonitrile and
4-bromo-3-(1,3-dioxolan-2-yl)phenol.
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'H-NMR (300 MHz, DMSO-d,) 8 (ppm) 2.43 (s, 3H), 4.95
(s, 2H), 6.94 (dd, 1=8.5, 2.6 Hz, 1H), 7.06 (dd, I=7.9, 2.3 Hz,
1H), 7.08 (d, J=2.3 Hz, 1H), 7.12 (d, I=2.1 Hz, 1H), 7.77 (d.
J=8.5 Hz, 2H), 9.21 (s, 1H).

19d 5-(2-Chloro-4-cyanophenoxy)-1,3-dihydro-1-
hydroxy-2,1-benzoxaborole (D4)

OH
NC B

Cl

This compound was obtained in a similar manner to
Example 19b (D2) from 3-chloro-4-fluorobenzonitrile and
4-bromo-3-(1,3-dioxolan-2-yl)phenol.

'"H-NMR (300 MHz, DMSO-d) 8 (ppm) 4.94 (s, 2H), 7.07
(d,J=8.2Hz, 1H),7.11(d,J=0.9 Hz, 1H),7.12 (dd, J=8.8,1.2
Hz, 1H), 7.7-7.9 (m, 2H), 8.24 (d, J=2.1 Hz, 1H), 9.23 (s, 1H).

19¢ 5-(4-Cyano-3-trifluoromethylphenoxy)-1,3-di-
hydro-1-hydroxy-2,1-benzoxaborole (D5)

OH
NC .
AN

o

FsC 0

This compound was obtained in a similar manner to
Example 19b (D2) from 4-fluoro-2-triffuoromethylbenzoni-
trile and 4-bromo-3-(1,3-dioxolan-2-yl)phenol.

'H-NMR (300 MHz, DMSO-d,) 8 (ppm) 4.97 (s, 2H), 7.16
(dd, J=7.0, 2.1 Hz, 1H), 7.24 (d, J=2.1 Hz, 1H), 7.35 (dd,
J=8.5,2.3 Hz, 1H), 7.60 (d, J=2.6 Hz, 1H), 7.81 (d, J=8.2 Hz,
1H), 8.14 (d, J=8.5 Hz, 1H), 9.27 (s, 1H).

191 5-(4-Cyano-3-methoxycarbonylphenoxy)-1,3-
dihydro-1-hydroxy-2,1-benzoxaborole (D6)

OH
NC B

MeO,C 0

A mixture of methyl 2-cyano-5-fluorobenzoate (4.48 g,
25.0 mmol), 2-bromo-5-hydroxybenzaldehyde (5.03 g, 25.0
mmol), and potassium carbonate (4.14 g, 30.0 mmol) in N,N-
dimethylformamide (50 mL) was stirred at 80° C. overnight.
Water was added, and the mixture was extracted with ethyl
acetate. The organic layer was washed with brine and dried on
anhydrous sodium sulfate. The solvent was removed under
reduced pressure and the residue was purified by silica gel
chromatography (chloroform) to give methyl 5-(4-bromo-3-
formylphenoxy)-2-cyanobenzoate (5.35 g, 71%).
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'H-NMR (300 MHz, CDCL,) & (ppm) 3.98 (s, 3H), 7.18-
7.24 (m, 2H), 7.58 (d, 1=2.9 Hz, 1H), 7.66 (d, J=2.6 Hz, 1H),
7.72 (d, J=8.8 Hz, 1H), 7.78 (d, J=8.5 Hz, 1H), 10.3 (s, 1H).

A mixture of methyl 5-(4-bromo-3-formylphenoxy)-2-cy-
anobenzoate (11.9 g, 33.1 mmol), bis(pinacolato)diboron
(8.89 g,35.0 mmol), [1,1'-bis(diphenylphosphino)ferrocene]
dichloropalladium(II) (678 mg, 0.828 mmol), and potassium
acetate (9.75 g, 99.0 mmol) in 1,4-dioxane (160 mL.) was
stirred under nitrogen atmosphere at 80° C. overnight. The
mixture was filtered through a Celite pad, and the solvent was
removed under reduced pressure. Silica gel column (65:35
hexane/ethyl acetate) gave methyl 2-cyano-5-(3-formyl-4-(4,
4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenoxy )ben-
zoate (15.7 g).

To a solution of methyl 2-cyano-5-(3-formyl-4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)phenoxy )benzoate
(15.7 g) in methanol (150 mL) was added sodium borohy-
dride (646 mg, 17.0 mmol) portionwise at 0° C. The mixture
was stirred at room temperature for 1 h. The mixture was
acidified with 6 M HCI, and extracted with ethyl acetate. The
organic layer was washed with brine and dried on anhydrous
sodium sulfate. The solvent was removed under reduced pres-
sure and the residue was purified by silica gel chromatogra-
phy (6:4 to 4:6 hexane/ethyl acetate) followed by recrystalli-

zation from methanol/water to give 5-(4-cyano-3-

methoxycarbonylphenoxy)-1-hydroxy-2,1-benzoxaborole
(6.34 g, 62%).

"H-NMR (300 MHz, DMSO-d) 8 (ppm) 3.86 (s, 3H), 7.13
(dd, J=7.9, 2.1 Hz, 1H), 7.20 (d, J=2.1 Hz, 1H), 7.39 (dd,
J=8.6,2.6 Hz, 1), 7.55 (d, J=2.6 Hz, 1H), 7.80 (d, J=7.9 Hz,
1H), 8.01 (d, J=8.8 Hz, 1H), 9.25 (s, 1H).

19g 5-(4-Carbamoyl-3-methoxycarbonylphenoxy)-1,
3-dihydro-1-hydroxy-2,1-benzoxaborole (D7)

OH
H,NOC .

\
0

MeO,C 0

A mixture of 5-(4-Cyano-3-methoxycarbonylphenoxy)-1-
hydroxy-2,1-benzoxaborole (5.25 g, 17.0 mmol) and 1 M
NaOH (50 mL) in methanol (150 mL) was stirred at room
temperature for 1 h. The mixture was acidified with 6 M HCl
and extracted with ethyl acetate. The organic layer was
washed with brine and dried on anhydrous sodium sulfate.
The solvent was removed under reduced pressure and the
residue was purified by silica gel chromatography (ethyl
acetate) followed by trituration with diisopropyl ether to give
5-(4-Carbamoyl-3-methoxycarbonylphenoxy)-1-hydroxy-2,
1-benzoxaborole (1.09 g, 19%)

'H-NMR (300 MHz, DMSO-dy) 8 (ppm) 3.70 (s, 3H), 4.94
(s, 2H), 7.0-7.1 (m, 2H), 7.15-7.25 (m, 2H), 7.40 (br s, 1H),
7.61(d,J=8.8Hz, 1H),7.75(d, J=7.9 Hz, 1H), 7.90 (brs, 1H),
9.19 (s, 1H).
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19h 5-(3-Carboxy-4-cyanophenoxy)-1,3-dihydro-1-
hydroxy-2,1-benzoxaborole (D8)

OH
NC B

HO,C 0

A mixture of 5-(4-Cyano-3-methoxycarbonylphenoxy)-1-
hydroxy-2,1-benzoxaborole (5.25 g, 17.0 mmol) and 1 M
NaOH (50 mL) in methanol (150 mL) was stirred at room
temperature for 1 h. The mixture was acidified with 6 M HCl
and extracted with ethyl acetate. The organic layer was
washed with brine and dried on anhydrous sodium sulfate.
The solvent was removed under reduced pressure and the
residue was purified by silica gel chromatography (ethyl
acetate to 3:1 chloroform/methanol) followed by trituration
with ethyl acetate to give 5-(3-carboxy-4-cyanophenoxy)-1-
hydroxy-2,1-benzoxaborole (810 mg, 16%)

'"H-NMR (300 MHz, DMSO-dy) & (ppm) 4.95 (s, 2H),
7.04-7.16 (m, 3H), 7.43 (d, J=2.3 Hz, 1H), 7.71 (d, J=8.5 Hz,
1H), 7.78 (d, J=8.0 Hz, 1H), 9.27 (br s, 1H).

191 5-(1,3-Dihydro-1-hydroxy-2,1-benzoxaborol-5-
yloxy)isoindoline-1,3-dione (D9)

0 OH
/
B
\
BN 0
0
0

A mixture of 5-(4-Carbamoyl-3-methoxycarbonylphe-
noxy)-1-hydroxy-2,1-benzoxaborole (560 mg, 1.71 mmol)
and 1 M NaOH (5 mL) in methanol (15 mL) was stirred at
room temperature for 10 min. The mixture was acidified with
6 M HCI, and extracted with ethyl acetate. The organic layer
was washed with brine and dried on anhydrous sodium sul-
fate. The solvent was removed under reduced pressure and the
residue was triturated with ethyl acetate to give 5-(1,3-Dihy-
dro-1-hydroxy-2,1-benzoxaborol-5-yloxy)isoindoline-1,3-
dione (380 mg, 75%).

'"H-NMR (300 MHz, DMSO-d) 8 (ppm) 4.96 (s, 2H), 7.11
(dd, J=7.9, 1.5 Hz, 1H), 7.17 (s, 1H), 7.25 (d, J=2.3 Hz, 1H),
7.38 (dd, J=8.2,2.3 Hz, 1H), 7.82 (d, J=8.2 Hz, 1H), 7.83 (d,
J=8.2 Hz, 1H), 9.23 (s, 1H), 11.3 (br s, 1H).

19j 5-(4-Cyano-3-hydroxyphenoxy)-1,3-dihydro-1-
hydroxy-2,1-benzoxaborole (D10)

OH
NC B

O/\

HO O
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This compound was obtained in a similar manner to
Example 19n (D14) from 4-fluoro-3-hydroxybenzonitrile
and 4-bromo-3-(1,3-dioxolan-2-yl)phenol.

'H-NMR (300 MHz, DMSO-d,) 8 (ppm) 4.96 (s, 2H), 6.49
(d, J=2.3 Hz, 1H), 6.55 (dd, J=8.8, 2.3 Hz, 1H), 7.08 (dd,
J=7.9,2.1 Hz, 1H), 7.15 (d, J=1.8 Hz, 1H), 7.60 (d, J=8.5 Hz,
1H), 7.78 (d, J=8.2 Hz, 1H), 9.23 (s, 1H), 11.2 (s, 1H).

19k 5-(4-Cyano-3-acetoxyphenoxy)-1,3-dihydro-1-
hydroxy-2,1-benzoxaborole (D11)

/OH
NC B
\
o

AcO O

A mixture of 5-(4-cyano-3-hydroxyphenoxy)-1,3-dihy-
dro-1-hydroxy-2,1-benzoxaborole (900 mg, 3.37 mmol),
acetic anhydride (1.7 mL, 18 mmol), triethylamine (1.4 mL,
10 mL) in N,N-dimethylformamide (10 mL) was stirred at
room temperature overnight. The mixture was acidified with
1 M HCI and extracted with ethyl acetate. The organic layer
was washed with brine and dried on anhydrous sodium sul-
fate. The solvent was removed under reduced pressure and the
residue was purified by silica gel chromatography (1:1 hex-
ane/ethyl acetate) to give 5-(4-cyano-3-acetoxyphenoxy)-1,
3-dihydro-1-hydroxy-2,1-benzoxaborole (818 mg, 79%).

'H-NMR (300 MHz, DMSO-d,) 8 (ppm) 2.31 (s, 3H), 4.96
(s, 2H), 7.04 (dd, J=8.5, 2.6 Hz, 1H), 7.07 (d, J=2.3 Hz, 1H),
7.12(dd, J=7.9,2.1 Hz, 1H), 7.20 (d, J=2.0 Hz, 1H), 7.80 (d,
J=7.9 Hz, 1H), 7.91 (d, J=8.6 Hz, 1H), 9.25 (s, 1H).

191 5-(4-Cyano-3-methoxyphenoxy)-1,3-dihydro-1-
hydroxy-2,1-benzoxaborole (D12)

/OH
NC B

MeO O

To a solution of 5-(4-cyano-3-hydroxyphenoxy)-1,3-dihy-
dro-1-hydroxy-2,1-benzoxaborole (100 mg, 0.375 mmol)
and iodomethane (0.070 mL. 1.1 mmol) in N,N-dimethylfor-
mamide (10 mL.) was added sodium hydride (60% oil disper-
sion, 45 mg, 1.1 mmol) at 0° C. under nitrogen atmosphere,
and the mixture was stirred at room temperature for 2 h. Water
and 1 M HCI were added and the mixture was extracted with
ethyl acetate. The organic layer was washed with brine and
dried on anhydrous sodium sulfate. The solvent was removed
under reduced pressure and the residue was treated with hex-
ane/diisopropyl ether to give 5-(4-cyano-3-methoxyphe-
noxy)-1,3-dihydro-1-hydroxy-2,1-benzoxaborole (92 mg,
87%).

'H-NMR (300 MHz, DMSO-d) 8 (ppm) 3.86 (s, 3H), 4.96
(s, 2H), 6.56 (dd, J=8.5, 2.1 Hz, 1H), 6.93 (d, J=2.3 Hz, 1H),
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7.09 (dd, 1=8.2, 2.1 Hz, 1H), 7.14 (s, 1H), 7.70 (d, ]=8.5 Hz,
1H), 7.77 (d, I=7.9 Hz, 1H), 9.22 (s, 1H).

19m 5-(3-Chloro-2-cyanophenoxy)-1,3-dihydro-1-
hydroxy-2,1-benzoxaborole (D13)

Cl

/OR*
CN S

0
o

This compound was obtained in a similar manner to
Example 19b (D2) from 2-chloro-6-fluorobenzonitrile and
4-bromo-3-(1,3-dioxolan-2-yl)phenol.

'H-NMR (300 MHz, DMSO-d,) 8 (ppm) 4.96 (s, 2H), 6.97
(d,J=8.5Hz, 1H),7.16 (dd, J=7.9,2.1 Hz, 1H), 7.21 (d, J=2.1
Hz, 1H), 7.49 (d, J=8.2 Hz, 1H), 7.66 (t, J=8.2 Hz, 1H), 7.79
(d, J=8.2 Hz, 1H), 9.25 (s, 1H).

191 5-(4-Cyano-2-hydroxyphenoxy)-1,3-dihydro-1-
hydroxy-2,1-benzoxaborole (D14)

OH
NC B

OH

To a solution of 4-fluoro-3-hydroxybenzonitrile (25.0 g,
182 mmol), diisopropylethylamine (47.7 mL, 273 mmol) in
dichloromethane (530 mlL.) was added chloromethyl methyl
ether (16.6 mL., 219 mmol) dropwise at 0° C., and the mixture
was stirred at room temperature overnight. Water was added,
and the mixture was extracted with dichloromethane. The
organic layer was washed with brine and dried on anhydrous
sodium sulfate. The solvent was removed under reduced pres-
sure to give 4-fluoro-3-methoxymethoxybenzonitrile (33.0 g,
quant.), which was used for the next step without purification.

A mixture of 4-fluoro-3-methoxymethoxybenzonitrile
(33.0 g, 182 mmol), 4-bromo-3-(1,3-dioxolan-2-yl)phenol
(44.6 g, 182 mmol), and potassium carbonate (30.1 g, 218
mmol) in N,N-dimethylformamide (370 mL) was stirred at
100° C. under nitrogen atmosphere overnight. The mixture
was poured into ethyl acetate/water. The organic layer was
washed with brine and dried on anhydrous sodium sulfate.
The solvent was removed under reduced pressure, and the
residue was passed silica gel short column (3:1 hexane/ethyl
acetate) followed by trituration with hexane/ethyl acetate to
give  4-(4-bromo-3-(1,3-dioxolan-2-yl)phenoxy)-3-meth-
oxymethoxybenzonitrile (32.6 g, 44%),

'H-NMR (300 MHz, CDCl,) 8 (ppm) 3.46 (s, 3H), 4.0-4.2
(m, 4H), 5.20 (s, 2H), 6.03 (s, 1H), 6.86 (dd, I=8.5, 2.9 Hz,
1H), 6.93 (d, I=8.5Hz, 1H), 7.24-7.30 (m, 2H), 7.54 (d, ]=8.8
Hz, 1H), 7.54 (d, J=2.1 Hz, 1H).

To a solution of 4-(4-bromo-3-(1,3-dioxolan-2-yl)phe-
noxy)-3-methoxymethoxybenzonitrile (32.2 g, 79.3 mmol)
in tetrahydrofuran (300 mL) was added 3 M HCI (100 mL),
and the mixture was refluxed for 2 h. Water was added, and the
mixture was extracted with ethyl acetate. The organic layer
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was washed with brine and dried on anhydrous sodium sul-
fate. The solvent was removed under reduced pressure to give
4-(4-bromo-3-formylphenoxy)-3-hydroxybenzonitrile (25.8
g, quant.).

A mixture of 4-(4-bromo-3-formylphenoxy)-3-hydroxy-
benzonitrile (20.5 g, 64.5 mmol), bis(pinacolato)diboron
(17.2 g, 67.7 mmol), [1,1'-bis(diphenylphosphino)ferrocene]
dichloropalladium(Il) (1.32 g, 1.61 mmol), and potassium
acetate (19.1 g, 194 mmol) in 1,4-dioxane (260 mL) was
stirred under nitrogen atmosphere at 80° C. overnight. The
mixture was filtered through a Celite pad, and the solvent was
removed under reduced pressure. Silica gel column (ethyl
acetate) gave methyl 4-(3-formyl-4-(4,4,5,5-tetramethyl-1,3,
2-dioxaborolan-2-yl)phenoxy)-3-hydroxybenzonitrile (25.1
g).
To a solution of methyl 4-(3-formyl-4-(4,4,5,5-tetram-
ethyl-1,3,2-dioxaborolan-2-yl)phenoxy)-3-hydroxybenzoni-
trile (25.1 g) in methanol (300 mL.) was added sodium boro-
hydride (2.45 g, 64.5 mmol) portionwise at 0° C. The mixture
was stirred at room temperature for 1 h. The solvent was
removed under reduced pressure to about a third of volume.
The mixture was acidified with 6 M HCI, and extracted with
ethyl acetate. The organic layer was washed with brine and
dried on anhydrous sodium sulfate. The solvent was removed
under reduced pressure and the residue was purified by silica
gel chromatography (7:3 to 6:4 hexane/acetone) followed by
recrystallization from acetone/water and trituration with
ethyl acetate to give 5-(4-cyano-2-hydroxyphenoxy)-1,3-di-
hydro-1-hydroxy-2,1-benzoxaborole (10.9 g, 63%).

'H-NMR (300 MHz, DMSO-d,) 8 (ppm) 4.90 (s, 2H),
6.90-6.95 (m, 2H), 7.09 (d, J=7.9 Hz, 1H), 7.26-7.33 (m, 2H),
7.69 (d, J=7.9 Hz, 1H), 9.12 (s, 1H), 10.4 (br s, 1H).

190 5-(4-Cyano-2-methoxyphenoxy)-1,3-dihydro-1-hy-
droxy-2,1-benzoxaborole (D15)

/OH
NC B

\

O

OMe

This compound was obtained in a similar manner to
Example 271 (D12) from 5-(4-cyano-2-hydroxyphenoxy)-1,
3-dihydro-1-hydroxy-2,1-benzoxaborole (D14) and
iodomethane.

'H-NMR (300 MHz, DMSO-dy) 8 (ppm) 3.80 (s, 3H), 4.90
(s, 2H), 6.90-6.96 (m, 2H), 7.12 (d, J=8.2 Hz, 1H), 7.44 (dd,
J=8.2,2.1 Hz, 1H), 7.67 (d,J=1.8 Hz, 1H), 7.69 (d, J=8.8 Hz,
1H), 9.13 (s, 1H).

19p 5-[4-Cyano-2-(ethoxycarbonylmethoxy)phe-
noxy|-1,3-dihydro-1-hydroxy-2,1-benzoxaborole
(D16)

OH
NC

w
~
o/

(€] (6]
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This compound was obtained in a similar manner to
Example 191 (D12) from 5-(4-cyano-2-hydroxyphenoxy)-1,
3-dihydro-1-hydroxy-2,1-benzoxaborole (D14) and ethyl
bromoacetate.

'H-NMR (300 MHz, DMSO-dy) § (ppm) 1.17 (t, J=7.0 Hz,
3H), 4.12 (q, J=7.0 Hz, 2H), 4.91 (s, 4H), 6.94-6.99 (m, 2H),
7.13 (d, J=8.5 Hz, 1H), 7.47 (dd, J=8.5, 1.8 Hz, 1H), 7.66 (d,
J=1.8 Hz, 1H), 7.70 (d, J=8.5 Hz, 1H), 9.14 (s, 1H).

19q 5-[12-(Carboxymethoxy)-4-cyanophenoxy]-1,3-
dihydro-1-hydroxy-2,1-benzoxaborole (D17)

OH
NC

J s
HO

A mixture of 5-[4-Cyano-2-(ethoxycarbonylmethoxy)
phenoxy]-1,3-dihydro-1-hydroxy-2,1-benzoxaborole (D16)
(216 mg, 0.612 mmol) and 1 M NaOH (2 mL in methanol (8
ml.) was stirred at room temperature for 1 h. The mixture was
acidified with 1 M HCl and extracted with ethyl acetate. The
organic layer was washed with brine and dried on anhydrous
sodium sulfate. The solvent was removed under reduced pres-
sure and the residue was treated with hexane to give 5-[2-
(Carboxymethoxy)-4-cyanophenoxy]-1,3-dihydro-1-hy-
droxy-2,1-benzoxaborole (82 mg, 41%)

'H-NMR (300 MHz, DMSO-d,) 8 (ppm) 4.82 (s, 2H), 4.90
(s, 2H), 6.94-7.00 (m, 2H), 7.11 (d, J=8.2 Hz, 1H), 7.45 (dd,
J=8.5, 1.8 Hz, 1H), 7.62 (s, 1H), 7.70 (d, J=8.5 Hz, 1H), 9.14
(s, 1H), 13.1 (brs, 1H).

B
\
0

19r 5-(4-Carboxy-2-hydroxyphenoxy)-1,3-dihydro-
1-hydroxy-2,1-benzoxaborole (D18)

OH
HO,C .

OH

A mixture of 5-(4-cyano-2-hydroxyphenoxy)-1,3-dihy-
dro-1-hydroxy-2,1-benzoxaborole (D14) (4.00 g, 15.0
mmol) and 6 M NaOH (30 mL) in methanol (60 mL) and
1,4-dioxane (60 mlL) was refluxed for 5 days. The mixture
was cooled on an ice bath and acidified with 6 M HCI, then
extracted with ethyl acetate. The organic layer was washed
with brine and dried on anhydrous sodium sulfate. The sol-
vent was removed under reduced pressure and the residue was
recrystallized from ethyl acetate to give 5-(4-carboxy-2-hy-
droxyphenoxy)-1,3-dihydro-1-hydroxy-2,1-benzoxaborole
(1.29 g, 30%). Silica gel column (3:7 to 2:8 hexane/ethyl
acetate) of the filtrate followed by trituration with ethyl
acetate gave another 1.00 g (23%).

'H-NMR (300 MHz, DMSO-d,) 8 (ppm) 4.89 (s, 2H), 6.85
(d,J=1.5Hz, 1H), 6.90(dd, J=7.9, 2.1 Hz, 1H), 7.03 (d, J=8.5
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Hz, 1H), 7.41 (dd, J=8.2, 2.1 Hz, 1H), 7.54 (d, ]=2.1 Hz, 1H),
7.66 (d, 1=7.9 Hz, 1H), 9.08 (s, 1H), 9.98 (s, 1), 12.8 (br s,
1H).

19s 5-(4-Ethoxycarbonyl-2-hydroxyphenoxy)-1,3-
dihydro-1-hydroxy-2,1-benzoxaborole (D19)

OH
EtO,C .

\

O

OH

A mixture of 5-(4-carboxy-2-hydroxyphenoxy)-1,3-dihy-
dro-1-hydroxy-2,1-benzoxaborole (1.95 g, 6.82 mmol) and
sulfuric acid (1.5 mL) in ethanol (75 mL) was refluxed for 6
h. Water was added, and the mixture was extracted with ethyl
acetate. The organic layer was washed with brine and dried on
anhydrous sodium sulfate. The solvent was removed under
reduced pressure. Silica gel column (6:4 to 5:5 hexane/ac-
etone) followed by recrystallization from diisopropyl ether

w

gave 5-(4-Ethoxycarbonyl-2-hydroxyphenoxy)-1,3-dihydro-
25

1-hydroxy-2,1-benzoxaborole (1.65 g, 77%).

'H-NMR (300 MHz, DMSO-d) 8 (ppm) 1.29 (t, I=7.0 Hz,
3H), 4.27 (q,J=7.0Hz, 1H), 4.89 (s, 2H), 6.86 (s, 1H), 6.91 (d,
J=8.2Hz, 1H), 7.05 (d,J=8.2Hz, 1H), 7.43 (dd, J=8.5,2.1 Hz,
1H),7.56 (s, 1H), 7.67 (d,J=8.2 Hz, 1H), 9.09 (s, 1H), 10.1 (s,
1H).

19t 5-(4-Ethoxycarbonyl-2-methoxyphenoxy)-1,3-
dihydro-1-hydroxy-2,1-benzoxaborole (D20)

OH
EtO,C .

AN

O

OMe

This compound was obtained in a similar manner to

Example 191 (D12) from 5-(4-ethoxycarbonyl-2-hydrox- .

yphenoxy)-1,3-dihydro-1-hydroxy-2,1-benzoxaborole
(D19) and iodomethane.

'H-NMR (300 MHz, DMSO-d) 8 (ppm) 1.31 (t, 1=7.0 Hz,
3H), 3.80 (s, 3H), 4.31 (q, I=7.0 Hz, 2H), 4.89 (s, 3H),
6.86-6.94 (m, 2H),7.11 (d, J=8.5Hz, 1H),7.59 (dd,J=8.2,1.8
Hz, 1H), 7.63 (d, J=2.1 Hz, 1H), 7.68 (d, J=7.9 Hz, 1H), 9.11
(s, 1H).

19u 5-[4-Ethoxycarbonyl-2-(cyclopentyloxy)phe-
noxy|-1,3-dihydro-1-hydroxy-2,1-benzoxaborole

(D21)
OH
Et0>C .
\
O
O

O
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This compound was obtained in a similar manner to
Example 191 (D12) from 5-(4-ethoxycarbonyl-2-hydrox-
yphenoxy)-1,3-dihydro-1-hydroxy-2,1-benzoxaborole
(D19) and cyclopentyl iodide.

'H-NMR (300 MHz, DMSO-d,) 8 (ppm): 1.2-1.6 (m, 6H),
1.30 (t, J=7.0 Hz, 3H), 1.7-1.9 (m, 2H), 4.30 (q, J=7.0 Hz,
2H), 4.87 (s, 2H), 4.87 (m, 1H), 6.84 (s, 1H), 6.88 (d, I=7.9
Hz, 1H), 7.17 (d, I=7.9 Hz, 1H), 7.55-7.61 (m, 2H), 7.65 (d,
J=7.9 Hz, 1H), 9.09 (s, 1H).

19v 5-[4-Ethoxycarbonyl-2-(4-cyanopyridin-2-
yloxy)phenoxy]-1,3-dihydro-1-hydroxy-2,1-benzox-

aborole (D22)
OH
Et0>C B/
AN
O
O
(0]
=
P

NC

A mixture of 5-(4-ethoxycarbonyl-2-hydroxyphenoxy)-1,
3-dihydro-1-hydroxy-2,1-benzoxaborole (D19) (200 mg,
0.637 mmol), 2-chloro-5-pyridin-5-carbonitrile (106 mg,
0.764 mmol), and potassium carbonate (264 mg, 1.90 mmol)
in N,N-dimethylformamide (4 ml) was stirred at 70° C.
under nitrogen atmosphere for 2 h. The mixture was poured
into ethyl acetate/diluted HCl. The organic layer was washed
with brine and dried on anhydrous sodium sulfate. The sol-
vent was removed under reduced pressure and the residue was
purified by silica gel column (6:4 hexane/acetone) and pre-
parative TLC (5:5 hexane/acetone) to give 5-[4-Ethoxycar-
bonyl-2-(4-cyanopyridin-2-yloxy)phenoxy]-1,3-dihydro-1-
hydroxy-2,1-benzoxaborole (133 mg, 50%).

'H-NMR (300 MHz, DMSO-dy) § (ppm) 1.29 (t, J=7.0 Hz,
1H), 4.29 (q, I=7.0 Hz, 2H), 4.88 (s, 2H), 6.91 (dd, J=8.2,2.3
Hz, 1H), 6.95 (d, J=2.1 Hz, 1H), 7.13 (d, J=8.8 Hz, 1H), 7.24

s (d,J=8.8 Hz, 1H), 7.67 (d, J=7.9 Hz, 1H), 7.84-7.90 (m, 2H),

8.28 (dd, J=8.8, 2.3 Hz, 1H), 8.62 (d, J=2.3 Hz, 1H), 9.16 (s,
1H).

19w 5-(4-Cyano-2-formylphenoxy)-1,3-dihydro-1-
hydroxy-2,1-benzoxaborole (D23)

OH
NC B

CHO

To a solution of 4-bromo-3-formylphenol (20.1 g, 100
mmol) in methanol (200 mL.) was added sodium borohydride
(1.90 g, 50.0 mmol) portionwise at 0° C., and the mixture was
stirred at room temperature for 1 h. The solvent was removed
under reduced pressure to a half volume, 6 M HCI (50 mL)
was added, and the mixture was extracted with ethyl acetate.
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The organic layer was washed with brine and dried on anhy-
drous sodium sulfate. The solvent was removed under
reduced pressure to give 4-bromo-3-hydroxymethylphenol
(19.4 g, 96%).

'H-NMR (300 MHz, DMSO-d,) 8 (ppm) 4.39 (d, J=5.9
Hz, 2H), 5.35 (1, J=5.9 Hz, 1H), 6.56 (dd, J=8.5, 2.9 Hz, 1H),
6.97 (d, I=2.9 Hz, 1H), 7.28 (d, J=8.5 Hz, 1H), 9.61 (s, 1H).

A mixture of 4-fluoro-3-formylbenzonitrile (14.2 g, 96.0
mmol), 4-bromo-3-hydroxymethylphenol (19.4 g, 96 mmol),
and potassium carbonate (15.2 g, 110 mmol) in N,N-dimeth-
ylformamide (200 mL.) was stirred at 70° C. under nitrogen
atmosphere for 2 h. The mixture was poured into ethyl
acetate/water. The organic layer was washed with water twice
and with brine, then dried on anhydrous sodium sulfate. The
solvent was removed under reduced pressure, and the residue
was purified by silica gel column (3:1 to 7:3 hexane/ethyl
acetate) to give 4-[4-bromo-3-(hydroxymethyl)phenoxy]-3-
formylbenzonitrile (26.0 g, 82%).

A mixture of 4-[4-bromo-3-(hydroxymethyl)phenoxy]-3-
formylbenzonitrile (25.5 g, 76.8 mmol), 3,4-dihydro-2H-py-
ran (10.4 ml, 115 mmol), and dl-10-camphorsulfonic acid
(356 mg, 2 mol %) in dichloromethane (300 mL.) was stirred
at room temperature for 2 h. Sodium carbonate (3 g) was
added, and the mixture was poured into water/chloroform.
The organic layer was washed with brine and dried on anhy-
drous sodium sulfate. The solvent was removed under
reduced pressure, and the residue was purified by silica gel
column (85:15 hexane/ethyl acetate) to give 4-[4-bromo-3-
(2-tetrahydropyranyloxymethyl)phenoxy]-3-formylben-
zonitrile (28.0 g, 88%).

A mixture of 4-[4-bromo-3-(2-tetrahydropyranyloxym-
ethyl)phenoxy]-3-formylbenzonitrile (28.0 g, 67.3 mmol),
bis(pinacolato)diboron (18.8 g, 74.0 mmol), [1,1'-bis(diphe-
nylphosphino)ferrocene|dichloropalladium(Il) (1.37 g, 2.5
mol %), and potassium acetate (19.8 g, 202 mmol) in 1,4-
dioxane (270 mL.) was stirred under nitrogen atmosphere at
80° C. overnight. The mixture was filtered through a Celite
pad, and the solvent was removed under reduced pressure.
The residue was dissolved in tetrahydrofuran (250 mL) and
was added 6 M HCI (30 mL), and the mixture was stirred at
room temperature for 2 h. The mixture was poured into ethyl
acetate/water. The organic layer was washed with brine and
dried on anhydrous sodium sulfate. The solvent was removed
under reduced pressure, and the residue was purified by silica
gel column (5:5 to 3:7 hexane/ethyl acetate) followed by
recrystallization from ethyl acetate/hexane to give 5-(4-cy-
ano-2-formylphenoxy)-1,3-dihydro-1-hydroxy-2,1-benzox-
aborole (6.61 g, 35%).

'H-NMR (300 MHz, DMSO-d,) 8 (ppm) 4.98 (s, 2H), 7.03
(d, J=8.5 Hz, 1H), 7.21 (d, J=8.2 Hz, 1H), 7.27 (s, 1H), 7.82
(d, J=7.9 Hz, 1H), 8.04 (dd, J=8.8, 2.3 Hz, 1H), 8.24 (d, J=2.3
Hz, 1H), 9.27 (s, 1H), 10.4 (s, 1H).

19x5-[4-Cyano-2-(hydroxymethyl)phenoxy]-1,3-
dihydro-1-hydroxy-2,1-benzoxaborole (D24)
OH
NC B

AN

O

HO

To a solution of 5-(4-cyano-2-formylphenoxy)-1,3-dihy-
dro-1-hydroxy-2,1-benzoxaborole (3.00 g, 10.8 mmol) in
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methanol (100 mI) was added sodium borohydride (400 mg,
10.8 mmol) portionwise at 0° C., and the mixture was stirred
at room temperature for 1 h. The solvent was removed under
reduced pressure to a half volume, 1 M HCI (50 mL) was
added, and the mixture was extracted with ethyl acetate. The
organic layer was washed with brine and dried on anhydrous
sodium sulfate. The solvent was removed under reduced pres-
sure, and the residue was treated with ethyl acetate/hexane to
give 5-[4-cyano-2-(hydroxymethyl)phenoxy]-1,3-dihydro-
1-hydroxy-2,1-benzoxaborole (1.83 g, 60%).

'H-NMR (300 MHz, DMSO-d,) 8 (ppm) 4.58 (d, J=5.6
Hz, 2H), 4.93 (s, 2H), 5.44 (1, J=5.6 Hz, 1H), 6.91 (d, J=8.5
Hz, 1H), 7.03 (dd, J=8.2, 1.2 Hz, 1H), 7.05 (s, 1H), 7.71 (dd,
J=8.5,2.3 Hz, 1H), 7.75 (d,1=7.9 Hz, 1H), 7.88 (d, J=1.2 Hz,
1H), 9.20 (s, 1H).

19y 5-[4-Cyano-2-(formylaminomethyl)phenoxy]-1,
3-dihydro-1-hydroxy-2,1-benzoxaborole (D25)

/OH
NC .
\
0
0 0
HJJ\N
H

To a solution of 4-[4-bromo-3-(2-tetrahydropyranyloxym-
ethyl)phenoxy]-3-formylbenzonitrile obtained in Example
19w (D23) (14.6 g, 34.9 mmol) in methanol (100 mL) was
added sodium borohydride (664 mg g, 17.5 mmol) portion-
wise at 0° C., and the mixture was stirred at room temperature
for 1 h. The solvent was removed under reduced pressure to a
half volume, and the mixture was poured into ethyl acetate/
water. The organic layer was washed with brine and dried on
anhydrous sodium sulfate. The solvent was removed under
reduced pressure to give 4-[4-bromo-3-(2-tetrahydropyrany-
loxymethyl)phenoxy]-3-(hydroxymethyl)benzonitrile (14.6
2, 100%).

'"H-NMR (300 MHz, DMSO-dy) 8 (ppm) 1.3-1.8 (m, 6H),
3.47 (m, 1H),3.72 (m, 1H), 4.4-4.8 (m, 4H), 5.44 (t,J=5.9 Hz,
1H), 6.92 (d,J=8.5 Hz, 1H), 6.96 (dd, ]=8.5,2.9 Hz, 1H), 7.17
(d,J=2.9Hz, 1H),7.65 (d,J=8.5 Hz, 1H), 7.71 (dd, J=8.5,1.8
Hz, 1H), 7.87 (d, J=1.2 Hz, 1H).

To a solution of 4-[4-bromo-3-(2-tetrahydropyranyloxym-
ethyl)phenoxy]-3-(hydroxymethyl)benzonitrile (12.1 g, 28.9
mmol) in dichloromethane (100 mL) were added triethy-
lamine (8.0 mI, 58 mmol) and methanesulfonyl chloride (2.5
ml, 32 mmol) at 0° C., and the mixture was stirred at room
temperature for 1 h. The mixture was washed with water and
brine, and dried on anhydrous sodium sulfate. The solvent
was removed under reduced pressure. To a solution of the
residue in N,N-dimethylformamide (100 ml.) was added
sodium diformylimide (3.29 g, 34.7 mmol), and the mixture
was stirred at 50° C. for 2 h. The mixture was poured into
ethyl acetate/water. The organic layer was washed with brine
and dried on anhydrous sodium sulfate. The solvent was
removed under reduced pressure. To a solution of the residue
in 1,4-dioxane (80 mL.) was added 3 M NaOH (10 mL), and
the mixture was stirred at room temperature for 1 h. The
mixture was poured into ethyl acetate/water. The organic
layer was washed with brine and dried on anhydrous sodium
sulfate. The solvent was removed under reduced pressure.
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The residue was purified by silica gel column (5:5 to 4:6
hexane/ethyl acetate) to give 4-[4-bromo-3-(2-tetrahydropy-
ranyloxymethyl)phenoxy|-3-(formylaminomethyl)benzoni-
trile (8.77 g, 68%).

'H-NMR (300 MHz, DMSO-d,) § (ppm) 1.4-1.8 (m, 6H),
3.46 (m, 1H), 3.73 (m, 1H), 4.37 (d, J=5.9 Hz, 2H), 4.47 (d,
J=13.8Hz, 1H),4.67 (d,]=13.8 Hz, 1H), 4.72 (br s, 1H), 6.92
(d, J=8.5 Hz, 1H), 7.00 (d, J=8.5 Hz, 1H), 7.21 (s, 1H), 7.67
(dd, J=8.8, 1.8 Hz, 1H), 7.72 (d, I=8.5 Hz, 1H), 7.76 (s, 1H),
8.14 (s, 1H), 8.53 (brt, 1H).

A mixture of 4-[4-bromo-3-(2-tetrahydropyranyloxym-
ethyl)phenoxy]-3-(formylaminomethyl)benzonitrile (1.44 g,
3.24 mmol), bis(pinacolato)diboron (905 mg, 3.56 mmol),
[1,1'-bis(diphenylphosphino)ferrocene]dichloropalladium
(II) (87 mg, 3 mol %), and potassium acetate (1.01 g, 10.3
mmol) in 1,4-dioxane (25 ml) was stirred under nitrogen
atmosphere at 80° C. overnight. The mixture was filtered
through a Celite pad, and the solvent was removed under
reduced pressure. The residue was passed short silica gel
column (4:6 hexane/ethyl acetate). The crude product was
dissolved in tetrahydrofuran (20 mL) and was added 6 M HCl
(2 mL), and the mixture was stirred at room temperature
overnight. The mixture was poured into ethyl acetate/water.
The organic layer was washed with brine and dried on anhy-
drous sodium sulfate. The solvent was removed under
reduced pressure, and the residue was purified by silica gel
column (4:6 hexane/ethyl acetate to ethyl acetate to 2:1 ethyl
acetate/methanol) followed by trituration with water to give
5-[4-cyano-2-(formylaminoethyl)phenoxy]-1,3-dihydro-1-
hydroxy-2,1-benzoxaborole (685 mg, 68%).

'"H-NMR (300 MHz, DMSO-dy) 8 (ppm) 4.40 (d, I=5.9
Hz, 1H), 4.95 (s, 1H), 6.92 (d, J=8.5 Hz, 1H), 7.07 (dd, J=7.9,

0

OH

§ /

| 0
N0 N/O
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1.8 Hz, 1H),7.11 (s, 1H), 7.72 (dd, I=8.5, 2.1 Hz, 1H), 7.77
(d, J=8.2 Hz, 1H), 8.15 (s, 1H), 8.53 (br t, 1H), 9.21 (s, 1H).

19z 5-(2-Aminomethyl-4-cyanophenoxy)-1,3-dihy-

5 dro-1-hydroxy-2,1-benzoxaborole hydrochloride
(D26)
10 OH
NC B/
N\
6]
(6]
15
LN HCl

To a solution of 5-[4-cyano-2-(formylaminomethyl)phe-
noxy|-1,3-dihydro-1-hydroxy-2,1-benzoxaborole (250 mg,
0.812 mmol) in ethanol (16 mL.) was added 6 M HCI (4 mL.),
and the mixture was refluxed for 2 h. The solvent was
removed under reduced pressure, and the residue was treated
with ether to give 5-(2-aminomethyl-4-cyanophenoxy)-1,3-
dihydro-1-hydroxy-2,1-benzoxaborole hydrochloride (247
mg, 98%).

'H-NMR (300 MHz, DMSO-d,) 8 (ppm) 4.14 (br s, 2H),
4.97 (s, 2H), 6.88 (d, J=8.8 Hz, 1H), 7.16 (dd, J=7.9, 2.1 Hz,
1H), 7.21 (s, 1H), 7.78-7.86 (m, 2H), 8.08 (d, J=1.8 Hz, 1H),
8.54 (br s, 3H), 9.29 (s, 1H).
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19aa Ethyl 2-ethoxy-6-(1-hydroxy-1,3-dihydrobenzo
[c][1,2]oxaborol-5-yloxy)nicotinate (D27)

(¢] (¢] (¢]
EtOH, H,SO4 L NaOEt, CH,Cl, L
Reflux 40 h, N, 0°C.tor.t.
HO A _— O | A _— O | =
P = P
Cl N Cl Cl N Cl /\ (0] N Cl
Br
K,CO3, DMF, N,
100°C. 2 h,
80° C. overnight
HO CHO
Bis-pinacol-diboron 0
0 0 KOAc, Pd(OAc),,
DMF, 80° C. 0.5 h, N, Br
Ber o I
0 x o |
| pUw
/\ = O N O CHO
O N O CHO

NaBH,
EtOH

|
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-continued
HCI, EtOH/H,0
L Nz, r.t. 3 days
B
° h h /©:/
OH

Esterification of 2,6-dichloronicotinic acid (25.5 g, 0.1328
mmol) in EtOH (200 proof, 200 mL)) catalyzed with 96%
H,SO, (1.7 g) at refluxing temperature for 40 h under N, gave
the desired ethyl 2,6-dichloronicotinate as grey solid (24.89
g, 0.1131 mmol, yield 85.2%) after a normal work-up.

'H NMR (300 MHz, DMSO-dy): 8 8.30 (d, 1=8.1 Hz, 1H),
7.71 (d, J=8.1 Hz, 1H), 4.33 (q, J=7.2 Hz, 2H) and 1.30 (t,
J=7.2 Hz, 3H) ppm.

Substitution of NaOEt (5.8 g, 1.5 eq) with ethyl 2,6-dichlo-
ronicotinate (12.5 g, 56.8 mmol) in CH,Cl, was performed
(Reference: US2005/0288299A1) by slow addition of the
base solid to the bis-chloro ester solution at 0° C. and stirred
for 3 h with the cooling, then overnight from 0° C. to r.t. More
CH,Cl, and water were added, separated, dried and evapo-
rated giving a liquid (11.62 g) that crystallized slowly over-
night. The solid was recrystallized from dry-ice-cooling pen-
tane affording the desired ethyl 6-chloro-2-ethoxynicotinate
as white crystals (9.45 g, 41.15 mmol, yield 72.4%).

M.p. 33-35° C. 'HNMR (300 MHz, DMSO-d,): $8.13 (d,
J=8.1Hz, 1H),8.16 (d, J=8.1 Hz, 1H),4.34 (q, J=7.2 Hz, 2H),
4.24 (q, J=7.2 Hz, 2H), 1.31 (t, J=7.2 Hz, 3H) and 1.27 (t,
J=7.2 Hz, 3H) ppm.

Coupling reaction of ethyl 6-chloro-2-ethoxynicotinate
(9.45 g, 41.15 mmol) with 2-bromo-5-hydroxybenzaldehyde
(8.27 g, 41.15 mmol) in the presence of K,CO, (8.53 g, 1.5
eq) in DMF (100 mL) for 2 h at 100° C. and overnight at 80°
C. under N, provided a crude residue after filtration and
evaporation. The residue was purified by silica gel column
chromatography (hexane:EtOAc=7:1, v/v) and recrystalliza-
tion from hexane and pentane affording the desired ethyl
6-(4-bromo-3-formylphenoxy)-2-ethoxynicotinate as white
solid (8.35 g, 21.15 mmol, yield 51.4%).

'"H NMR (300 MHz, DMSO-dy): 8 10.17 (s, 1H), 8.21 (d,
J=8.4Hz, 1H),7.85 (d, J=8.4 Hz, 1H),7.67 (d,J=3.3 Hz, 1H),
7.54(dd,J=8.4 & 2.8 Hz, 1H),6.68 (d, J=8.4 Hz, 1H),4.21 (q,
J=7.5Hz, 2H), 4.05 (q, J=7.2 Hz, 2H), 1.26 (t, J=7.2 Hz, 3H)
and 1.14 (t, I=7.1 Hz, 3H) ppm.

Catalytic boronylation of ethyl 6-(4-bromo-3-formylphe-
noxy)-2-ethoxynicotinate (8.35 g, 21.15 mmol) with bis-pi-
nacol-diboron (6.5 g, 25.38 mmol), KOAc (6.2 g, 63.45
mmol) and Pd(OAc), (0.25 g) in DMF (100 mL) at 80° C. for
30 min under N, generated a single component as monitored
by TLC, but another compound was showed up after over-
night standing of the reaction mixture at r.t. Normal work-up
gave a crude oil (13.5 g) containing the desired ethyl
2-ethoxy-6-(3-formyl-4-(4,4,5,5-tetramethyl-1,3,2-diox-
aborolan-2-yl)phenoxy)nicotinate, which was used for the
next reaction.

Reduction of the crude oil (13.5 g) containing ethyl
2-ethoxy-6-(3-formyl-4-(4,4,5,5-tetramethyl-1,3,2-diox-
aborolan-2-yl)phenoxy)nicotinate with NaBH, (2.3 g) in
EtOH (200 proof, 250 mL) at 0° C. for 30 min was completed
as monitored by TLC.

HCI(6N) was added and then evaporated, dissolved in
EtOAc, washed with water and purified by silica gel column
chromatography (hexane:EtOAc=2:1). 'H NMR indicated
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the oil obtained was actually the uncyclized ethyl 2-ethoxy-
6-(3-(hydroxymethyl)-4-(4,4,5,5-tetramethyl-1,3,2-diox-
aborolan-2-yl)phenoxy)nicotinate.

Cyclization of ethyl 2-ethoxy-6-(3-(hydroxymethyl)-4-(4,
4,5,5-tetramethyl-1,3,2-dioxa-borolan-2-yl)phenoxy)nicoti-
nate obtained above was quickly performed in EtOH and 6N
HCI and subsequent evaporation. Water was added to the
residue and then acetone was slowly added with sonication to
get the crystals that were filtered and washed with water and
hexane. The solid was dried under high vacuum overnight
giving the desired title compound ethyl 2-ethoxy-6-(1-hy-
droxy-1,3-dihydrobenzo|c][1,2]oxaborol-5-yloxy) nicoti-
nate (2.287 g, 6.66 mmol).

'"H NMR (300 MHz, DMSO-d): 8 9.22 (s, 1H), 8.18 (d,
J=8.1Hz, 1H),7.76 (d, J=7.8 Hz, 1H), 7.24 (s, 1H), 7.16 (dd,
J=7.8& 1.8Hz, 1H),6.57(d,J=8.1 Hz, 1H),4.97 (s, 2H), 4.21
(9, J=7.5 Hz, 2H), 4.09 (q, J=7.2 Hz, 2H), 1.25 (t, J=7.2 Hz,
3H) and 1.16 (t, I=7.2 Hz, 3H) ppm. Purity (HPLC): 100% at
both 220 nm and 254 nm. MS: m/z=342 (M-1, ESI-).

19ab 2-(5-cyano-2-(1-hydroxy-1,3-dihydrobenzo|c]
[1,2]oxaborol-5-yloxy)phenoxy)-N,N-diethylaceta-

mide (D28)
OH
NC B/
N\
O
(€] O

PNEN.
J

A mixture of 5-[2-(Carboxymethoxy)-4-cyanophenoxy]-
1,3-dihydro-1-hydroxy-2,1-benzoxaborole (D17) (1.00 g,
3.08 mmol), EDCI (1.77 g, 9.24 mmol), HOBT (1.25 g, 9.24
mmol), diethylamine (0.96 mL, 9.24 mmol), and 4-dimethy-
laminopyridine (75 mg, 0.62 mmol) in DMF (20 mL) was
stirred at room temperature overnight. Water was added, and
the mixture was extracted with ethyl acetate. The organic
layer was washed with brine, dried over anhydrous sodium
sulfate. The solvent was removed under reduced pressure and
the residue was purified with silica gel chromatography (9:1
chloroform/methanol). The combined fractions were put
under reduced pressure to remove solvent and then washed
with water and toluene. The solvent was again removed under
reduced pressure. Another silica gel chromatography column
was used (5:5 acetone:hexane). The desired fractions were
combined and the solvent was removed under reduced pres-
sure. The residue was recrystallized using hexanes and diiso-
propylether.  Pure  2-(5-cyano-2-(1-hydroxy-1,3-dihy-
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drobenzo[c][1,2]oxaborol-5-yloxy)phenoxy)-N,N-
diethylacetamide (0.662 g, 57%) was obtained.

'H-NMR (300 MHz, DMSO-d,) § (ppm) 1.00 (t, J=6.75
Hz, 3H), 1.09 (t, J=7.03, 3H), 3.2-3.3 (m, 4H), 4.9 (d, J=9.01
Hz, 1H), 6.9-7.0 (m, 2H), 7.1-7.2 (dd, J=8.36, 1.03 Hz, 1H),
7.42 (m, 1H), 7.54 (s, 1H), 7.69 (m, 1H), 9.12 (d, J=1.17 Hz,
1H).

19ac 4-(2-(5-cyano-2-(1-hydroxy-1,3-dihydrobenzo

[c][1,2]oxaborol-5-yloxy)phenoxy )acetyl)-1-meth-
ylpiperazine hydrochloride (D29)

OH

NC

w
~
o/

This compound was prepared in the similar manner to that
of (D28).

'H-NMR (300 MHz, DMSO-d) & (ppm) 2.73 (s, 3H),
2.9-3.1 (m, 4H), 3.3-3.5 (m, 2H), 3.8-3.9 (m, 1H), 4.3-4.4 (m,
1H), 4.90 (s, 2H), 5.02 (d, J=8.2 Hz, 2H), 6.96 (m, 2H), 7.14
(d, J=8.2 Hz, 1H), 7.45 (d, J=8.2 Hz, 1H), 7.62 (s, 1H), 7.71
(d, J=8.8 Hz, 1H), 9.15 (s, 1H), 10.91 (s, 1H).

19ad 5-[4-Cyano-2-(tert-butoxycarbonylmethoxy)
phenoxy]-1,3-dihydro-1-hydroxy-2,1-benzoxaborole
(D30)

OH
NC

o)k/o
><

This compound was obtained in a similar manner to
Example 191 (D12) from 5-(4-cyano-2-hydroxyphenoxy)-1,
3-dihydro-1-hydroxy-2,1-benzoxaborole (D14) and tertiary
butyl bromoacetate.

'H-NMR (300 MHz, DMSO-d,) 8 (ppm) 1.38 (s, 9H), 4.79
(s, 2H), 4.90 (s, 2H), 6.96 (m, 2H), 7.14 (d, J=8.5 Hz, 1H),
7.46 (dd, J=1.8, 8.5 Hz, 1H), 7.59 (d, J=1.0 Hz, 1H), 7.65 (m,
1H), 9.13 (s, 1H).

B
AN
o

19ae 2-((5-cyano-2-(1-hydroxy-1,3-dihydrobenzo|c]
[1,2]oxaborol-5-yloxy)phenoxy)methyl)pyridine

hydrochloride (D31)
OH
NC B/
AN
O
7 0
A 0 Hel
N
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This compound was obtained in a similar manner to
Example 191 (D12) from 5-(4-cyano-2-hydroxyphenoxy)-1,
3-dihydro-1-hydroxy-2,1-benzoxaborole (D14) and 2-chlo-
rometylpyridine hydrochloride.

'"H-NMR (300 MHz, DMSO-d) 8 (ppm) 4.89 (s, 2H), 5.32
(s, 2H), 6.70 (m, 2H), 7.20 (d, J=8.2 Hz, 1H), 7.26 (d, J=7.9
Hz, 1H), 7.4-7.6 (m, 2H),7.70 (d, J=8.8 Hz, 1H), 7.81 (s, 1H),
7.88 (t,J=7.9 Hz, 1H), 8.60 (d, ]=5.0, 1H).

19af 4-(5-cyano-2-(1-hydroxy-1,3-dihydrobenzo|c]
[1,2]oxaborol-5-yloxy)benzyl)morpholine hydro-

chloride (D32)
OH
NC B/
AN
O
O
HCl

@
o

A mixture of 5-(4-Cyano-2-formylphenoxy)-1,3-dihydro-
1-hydroxy-2,1-benzoxaborole (D23) (0.400 g, 1.43 mmol),
morpholine (0.375 mL, 4.29 mmol), and acetic acid (0.246
ml, 4.29 mmol) in methanol (10 ml) was stirred for five
minutes under nitrogen at room temperature. Cyanoborohy-
dride (0.270 g, 4.29 mmol) was added, and the mixture was
stirred at room temperature under nitrogen for two hours.
Water was added and the mixture was extracted with ethyl
acetate. The organic layer was washed with brine and dried
over anhydrous sodium sulfate. The solvent was removed
under reduced pressure and the residue was purified by silica
gel chromatography (5:5 ethyl acetate: hexanes to 4:1 dichlo-
romethane/methanol). The desired fractions were combined
and the solvent was removed under reduced pressure. Water
and toluene were added and removed under reduced pressure
to give pure 4-(1-hydroxy-1,3-dihydrobenzo[c][1,2]ox-
aborol-5-yloxy)-3-(morpholinomethyl)benzonitrile  (0.399
2, 80%).

'"H-NMR (300 MHz, DMSO-d) 8 (ppm) 2.35 (m, 4H),
3.53 (m, 6H), 4.93 (s, 2H), 7.00 (m, 3H), 7.73 (dd, J=8.07,
2.50 Hz, 2H), 7.90 (d, 2.35 Hz, 1H), 9.18 (s, 1H).

A mixture of 4-(1-hydroxy-1,3-dihydrobenzo[c][1,2]ox-
aborol-5-yloxy)-3-(morpholinomethyl)benzonitrile (0.391
g, 1.12 mmol), 4 M HCl in dioxane (0.335 mL, 1.34 mmol),
ether (10mL), and THF (3 mL) were stirred at room tempera-
ture for five minutes. Filtered the precipitate and dried under
reduced pressure. The solid was washed in THF and the solid

was again filtered and dried under reduced pressure to give the
target compound (0.258 g, 60%).

'"H-NMR (300 MHz, DMSO-dy) 8 (ppm) 3.2-3.3 (m, 3H),
3.7-4.0 (m, SH), 4.47 (s, 2H), 4.98 (s, 2H), 6.90 (d, J=8.8 Hz,
1H), 7.20 (d, I=7.9 Hz, 1H), 7.27 (s, 1H), 7.8-7.9 (m, 2H),
8.28 (s, 1H), 9.29 (br s, 1H), 11.09 (br s, 1H).
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19ag 1-(5-cyano-2-(1-hydroxy-1,3-dihydrobenzo|c]
[1,2]oxaborol-5-yloxy)benzyl)-4-methylpiperazine-
1,4-ditum (D33)

/OH
NC B

O

(0] 2HCI
O/

/N

This compound was obtained in a similar manner to
Example 19af (D32) from 5-(4-Cyano-2-formylphenoxy)-1,
3-dihydro-1-hydroxy-2,1-benzoxaborole (D23) and 1-meth-

ylpiperazine.

'H-NMR (300 MHz, DMSO-d) & (ppm) 2.77 (s, 3H),
3.0-4.2 (m, 10H), 4.96 (s, 2H), 6.92 (d, J=8.8 Hz, 1H), 7.15 (d,
J=7.6Hz, 1H), 7.20 (s, 1H), 7.83 (m, 2H), 8.15 (s, 1H), 9.2 (br
s, 1H), 11.1 (br s, 1H), 19ah 1-(5-cyano-2-(1-hydroxy-1,3-
dihydrobenzo[c][1,2]oxaborol-5-yloxy)phenyl)-N,N-dim-

ethylmethanaminium (D34)

/OH
NC B
\
[e]
O
Me HCI
N
Me

This compound was obtained in a similar manner to
Example 19af (D32) from 5-(4-cyano-2-formylphenoxy)-1,
3-dihydro-1-hydroxy-2,1-benzoxaborole (D23) and dim-

ethylamine.

'H-NMR (300 MHz, DMSO-d,) 8 (ppm) 2.77 (s, 6H), 4.41
(s, 2H), 4.97 (s, 2H), 6.90 (d, ]=8.5 Hz, 1H), 7.19 (dd, J=8.05,
1.86 Hz, 1H), 7.26 (s, 111), 7.84 (d, ]=8.2, 111), 7.88 (d, ]=2.4,

1H), 8.25 (d, I=2.1, 1H), 9.32 (br s, 1H).

19ai Synthesis of 4-(1-Hydroxy-1,3-dihydro-benzo
[c][1,2]oxaborol-5-yloxy)-2-methoxy-benzoic acid
ethyl ester (D35)

Br
Ethylene glycol, pTSA

Tol., 140° C., 6 h
HO CHO
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-continued
Br

0
H,S0,, BtOH
120° C., O/N
HO F
3
0

Cs,C03, Mel, CH;CN

1, O/N
4
0
EtO
~o F
5
Br
@%/o +
O \>
2
0
K,CO3, DMSO
EtO —_
120°C.,O/N
o F

2N HCI, THF

B ——

1t, ON

e} O
/
B—B
\
Br (0] 6}
EtO
PdCl,y(dppt), KOAc
\O o CHO dioxane, 80°C., 1 h
7
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-continued

o 0
[ NaBH,, MeOH
B ~ ——
FtO /Oi/ o 1t, ON
0
\O o Z
8
HCI, McOH

_—
Phenylboronic acid
t, O'N

I <
B
OH
\O O

(D35)

4-Bromo-3-[1,3]dioxolan-2-yl-phenol (2)

To a solution of 2-bromo-5-hydroxy-benzaldehyde com-
pound 1 (15.0 g, 74.62 mmol) in toluene (100 mL.) was added
ethylene glycol (12.5 mL, 223.86 mmol) and p-TSA (1.42 g,
7.46 mmol). The solvent was removed under reduced pres-
sure to give crude product 2 (20.0 g crude), which was used in
the next step without further purification. "H NMR 400 MHz
(CDCl,) &: 7.38 (d, J=8.6 Hz, 1H), 7.01 (d, J=2.7 Hz, 1H),
6.62 (d, I=8.2, 2.3 Hz, 1H), 6.01 (s, 1H), 4.20-4.01 (m, 4H).

4-Fluoro-2-hydroxy-benzoic acid ethyl ester (4)

To a solution of 4-fluoro-2-hydroxybenzoic acid com-
pound 3 (20.0 g, 128.11 mmol) in ethanol (100 mL) was
added conc. sulfuric acid (10 mL). The resulting mixture was
heated in a 120° C. oil bath O/N. The solvent was removed
under reduced pressure to give crude product, which was
purified by column chromatography (silica gel, 10% EtOAc
in hexane) to afford the title compound 4 (19.9 g, 85%) as a
colorless solid. 'H NMR 400 MHz (CDCl,) &: 11.15 (s, 1H),
7.83 (d, J=6.6 Hz, 1H), 7.81 (d, J=6.6 Hz, 1H), 6.62 (dd,
J=10.1, 2.3 Hz, 1H), 6.61 (dd, J=7.0, 2.0 Hz, 1H), 4.41 (q,
J=7.0 Hz, 2H), 1.42 (t, J=7.0 Hz, 3H); MS (ES) m/z: 185
M+D)™.

4-Fluoro-2-methoxy-benzoic acid ethyl ester (5)

To a solution of compound 4 (19.9 g, 0.109 mol) in aceto-
nitrile (200 mL) was added cesium carbonate (42.0 g, 0.129
mol). The resulting mixture was stirred at rt for 30 min.
followed by addition of methyl iodide (13.5 mL., 0.218 mol).
The resulting mixture was stirred at rt O/N and filtered
through Celite. The solvent was removed under reduced pres-
sure to give crude product 5 (20.0 g, 93%) and used in the next
step without further purification. "HNMR 400 MHz (CDCl,)
d:7.81-7.78 (m, 1H), 6.60-6.58 (m, 2H), 4.38 (q, J=7.0 Hz,
2H), 3.82 (s, 3H), 1.39 (t, J=7.0 Hz, 3H); MS (ES) m/z: 199
(M+1).
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4-(4-Bromo-3-[1,3]dioxolan-2-yl-phenoxy)-2-meth-
oxy-benzoic acid ethyl ester (6)

To a solution of compound 2 (9.27 g, 37.83 mmol) in
DMSO (50 mL) was added potassium carbonate (15.68 g,
113.48 mmol). The resulting mixture was stirred at rt for 30
min. followed by addition of compound 5 (8.99 g, 45.39
mmol). The resulting mixture was heated at 120° C. O/N. The
reaction mixture was diluted with EtOAc (100 mL) and
washed with water (50 mL). The organic layer was dried over
Na,SO,, and concentrated under reduced pressure to give
crude product, which was purified by column chromatogra-
phy (silica gel, 10% EtOAc in hexane) to afford the title
compound 6 (5.6 g, 35%) as a pale yellow solid. 'H NMR 400
MHz (CDCl,) &:

7.81(d,J=9.0Hz, 1H), 7.59 (d, J=8.6 Hz, 1H), 7.35 (s, 1H),
6.97 (dd, J=8.6, 2.7 Hz, 1H), 6.60 (d, J=2.3 Hz, 1H), 6.49 (dd,
J=8.6, 2.4 Hz, 1H), 6.01 (s, 1H), 4.39 (q, J=7.4 Hz, 2H),
4.20-4.01 (m, 4H), 3.81 (s, 3H), 1.40 (t, J=7.4 Hz, 3H); MS
(ES) m/z: 423 (M+1)*, 425 (M+3)*.

4-(4-Bromo-3-formyl-phenoxy)-2-methoxy-benzoic
acid ethyl ester (7)

To a solution of compound 6 (5.6 g, 13.23 mmol) in THF
(50 mL) at 0° C. was added 2N HCI (50 mL). The resulting
mixture was stirred at rt O/N. The reaction mixture was
diluted with EtOAc (100 mL) and washed with water (50
mL). The organic layer was dried over Na,SO,, and concen-
trated under reduced pressure to give crude product, which
was purified by column chromatography (silica gel, 10%
EtOAc in hexane) to afford the title compound 7 (3.0 g, 60%)
as a pale yellow solid.

'HNMR 400 MHz (CDCl,) 8: 10.35 (s, 1H), 7.82 (d, J=8.6
Hz, 1H), 7.60 (d, J=8.6 Hz, 1H), 7.58 (d, J=2.7 Hz, 1H), 7.19
(dd, J=8.6, 3.1 Hz, 1H), 6.60 (d, J=2.0 Hz, 1H), 6.51 (dd,
J=8.6, 2.3 Hz, 1H), 4.39 (q, I=7.0 Hz, 2H), 3.81 (s, 3H), 1.40
(t, J=7.0 Hz, 3H); MS (ES) m/z: 379 (M+1)*, 381 (M+3)*.

4-[3-Formyl-4-(4,4,5,5-tetramethyl-[1,3,2]diox-
aborolan-2-yl)-phenoxy]-2-methoxy-benzoic acid
ethyl ester (8)

To a solution of compound 7 (3.0 g, 7.91 mmol) in 1,4-
dioxane (20 mL) was added bis(pinacolato)diboron (2.41 g,
9.49 mmol), potassium acetate (2.33 g, 23.73 mmol), and
[1,1'-bis(diphenylphosphino)ferrocene]|palladium(IT)chlo-
ride (0.3 g, 0.40 mmol). Nitrogen gas was passed through the
mixture for 10 min. and the suspension was heated at 80° C.
for 1 h. The mixture was passed through Celite® and concen-
trated under reduced pressure to give crude product, which
was purified by column chromatography (silica gel, 10%
EtOAc in hexane) to afford the title compound 8 (3.22 g,
96%) as a colorless oil. 'H NMR 400 MHz (CDCl,) 8: 10.61
(s, 1H), 7.98 (d, J=8.2 Hz, 1H), 7.81 (d, J=8.6 Hz, 1H), 7.60
(d, J=2.3 Hz, 1H), 7.35 (d, J=5.5 Hz, 2H), 6.62 (d, J=2.0 Hz,
1H), 6.58 (d, J=8.6 Hz, 1H), 4.39 (q, J=7.0 Hz, 2H), 3.81 (s,
3H), 1.42 (s, 12H), 1.20 (t, J=7.0 Hz, 3H).

4-[3-Hydroxymethyl-4-(4,4,5,5-tetramethyl-[ 1,3,2]
dioxaborolan-2-yl)-phenoxy|-2-methoxy-benzoic
acid ethyl ester (9)

To a solution of compound 8 (3.22 g, 7.55 mmol) in metha-
nol (40 mL) was added sodium borohydride (0.373 g, 9.82
mmol) at 0° C. The resulting mixture was stirred at rt for 30
min. The solvent was removed under reduced pressure,
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diluted with water (50 mL) and extracted with EtOAc (2x50
mL). The combined organic layer was dried over Na,SO,,
and concentrated under reduced pressure to give crude prod-
uct and used in the next step without further purification. *H
NMR 400 MHz (CDCl,) &: 7.91 (d, J=8.2 Hz, 1H), 7.82 (d,
J=8.6 Hz, 1H), 7.01 (s, 1H), 6.98 (d, J=8.2 Hz, 1H), 6.60 (s,
1H), 6.67 (d, J=8.6 Hz, 1H), 4.65 (s, 2H), 4.39 (q, I=7.0 Hz,
2H), 3.81 (s, 3H), 1.42 (s, 12H), 1.20 (t, J=7.0 Hz, 3H).

19ai 4-(1-Hydroxy-1,3-dihydro-benzo|[c][1,2]ox-
aborol-5-yloxy)-2-methoxy-benzoic acid ethyl ester
(D39)

To a solution of compound 9 (2.0 g, 4.67 mmol) in metha-
nol (50 mL) was added 6N HCI (10 mL) and phenylboronic
acid (2.85 g, 23.36 mmol). The resulting mixture was stirred
atrt O/N. The solvent was removed under reduced pressure to
give crude product, which was purified by reverse phase prep
HPLC using CH;CN/H,O (with 0.1% acetic acid) as the
eluent to afford the title compound (D35) (0.66 g, 39%) as a
white solid after lyophilization. Mp 64.9-65.2° C. 'H NMR
400 MHz (DMSO-d,) 8: 9.20 (s, 1H), 7.80 (d, I=8.2 Hz, 1H),
7.72 (d, J=8.6 Hz, 1H), 7.18 (s, 1H), 7.16 (dd, J=8.2, 2.0 Hz,
1H), 6.80 (s, 1H), 6.60 (dd, J=8.6, 2.3 Hz, 1H), 4.98 (s, 2H),
4.21 (q, J=7.0 Hz, 2H), 3.81 (s, 3H), 1.20 (t, J=7.0 Hz, 3H),
MS (ES) m/z: 329 (M+1)*; HPLC purity: 99.46% (220 nm),
100% (254 nm).

19aj 4-(1-Hydroxy-1,3-dihydro-benzo|[c][1,2]ox-
aborol-5-yloxy)-2-methoxy-benzoic acid (D36)

0 oxb
.

To a solution of compound (D35) (0.1 g, 0.31 mmol) in
methanol (2 mL.) was added 2N NaOH (1 mL). The resulting
mixture was stirred at rt O/N. The solvent was removed under

MeOH 2N NaOH

ItOfN

reduced pressure to give crude product, which was dissolved
in H,O (1 mL) and acidified using 1N HCI. The solid obtained
which was filtered and washed with ether (10 mL) to afford
the title compound (D36) (78 mg, 86%) as a white solid. Mp
109.6-110.1° C. '"H NMR 400 MHz (DMSO-dy) 8: 9.20 (s,
1H), 7.80 (d, J=8.2 Hz, 1H), 7.75 (d, J=8.6 Hz, 1H), 7.18 (s,
1H), 7.15 (d, J=9.4 Hz, 1H), 6.80 (s, 1H), 6.60 (d, I=8.6 Hz,
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1H), 4.98 (s, 2H), 3.81 (s, 3H); MS (BS) m/z: 301 (M+1)*;

HPLC purity: 100% (220 nm), 99.79% (254 nm).
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19ak 2-Cyclopentyloxy-4-(1-hydroxy-1,3-dihydro-
benzo[c][1,2]oxaborol-5-yloxy)-benzonitrile (D37)

OH
NC B/
L0
O
(CNAA

To a solution of 2-hydroxy-4-(1-hydroxy-1,3-dihydro-
benzo[c][1,2]oxaborol-5-yloxy)-benzonitrile (D10) (200
mg, 0.75 mmol) in THF (50 mL) and DMF (20 mL) was
added NaH (47 mg, 95%, 1.87 mmol) portion-wise. The
mixture was stirred at room temperature for 5 minutes, fol-
lowed by the slow addition of cyclopentyl iodide (0.26 mL,
2.25 mmol). The reaction was stirred at room temperature for
24 hours. After the reaction, all volatile components were
evaporated under vacuum. The residue was purified using
silica gel column chromatography, eluting with 25% EtOAc/
hexane, afforded 36 mg of the title compound in 12.6% yield.
'H NMR 400 MHz (DMSO-d,) 8: 9.23 (s, 1H), 7.78 (d, J=7.8
Hz, 1H) 7.69 (d, J=8.6 Hz, 1H), 7.17 (s, 1H), 7.10 (dd, ]=2.0,
8.2 Hz, 1H), 6.90 (d, J=2.3 Hz, 1H), 6.56 (dd, J=1.9, 8.6 Hz,
1H), 4.96 (s, 2H), 4.95 (t, J=5.8 Hz, 1H), 1.95-1.55 (m, 8H);
MS (ES) m/z: 336 (M+H)™; HPLC purity: 99.15% (220 nm),
99.62% (MaxPlot).

19al [2-Cyano-5-(1-hydroxy-1,3-dihydro-benzo|c]
[1,2]oxaborol-5-yloxy)-phenoxy]-acetic acid ethyl
ester (D38)

OH
NC B

EtO.
D ’

¢}

O/\

To a solution of 2-hydroxy-4-(1-hydroxy-1,3-dihydro-
benzo[c][1,2]oxaborol-5-yloxy)-benzonitrile (D10) (300
mg, 1.12 mmol) in THF (50 mL) was added NaH (95 mg,
60%, 2.36 mmol) portion-wise. The mixture was stirred at
room temperature for 5 minutes, followed by the slow addi-
tion of ethyl bromoacetate (0.262 mL, 2.36 mmol). The reac-
tion was heated at 70° C. overnight.

After the cooling of the reaction solution to room tempera-
ture, the mixture was filtered. The filtrate was evaporated
under vacuum. The residue was purified using reverse phase
chromatography, eluting from 5% MeOH/H,O to 90%
MeOH/H,0, afforded 320 mg of the title compound in 81%
yield. "H NMR 400 MHz (DMSO-dy) &: 9.25 (s 1H), 7.78 (d,
J=8.0Hz, 1H),7.75 (d,J=8.4 Hz, 1H), 7.14 (d, J=1.6 Hz, 1H),
7.08 (dd, J=1.6,7.6 Hz, 1H), 6.86 (d, J=2.0 Hz, 1H), 6.64 (dd,
J=2.4, 8.8 Hz, 1H), 5.00 (s, 2H), 4.97 (s, 2H), 4.13 (q, ]=6.8
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Hz, 2H), 1.16 (t, 6.8 Hz, 3H); MS (ES) m/z: 354 (M+H)*;
HPLC purity: 99.11% (220 nm), 99.14% (254 nm).

19am [2-Cyano-5-(1-hydroxy-1,3-dihydro-benzo|c]|
[1,2]oxaborol-5-yloxy)-phenoxy]-acetic acid (D39)

OH
NC B

HO
D °

e}

~,
O/

To a clear solution of [2-cyano-5-(1-hydroxy-1,3-dihydro-
benzo[c][1,2]oxaborol-5-yloxy)-phenoxy]-acetic acid ethyl
ester ((D38), 90 mg, 0.25 mmol) in THF (20 mL) was added
LiOH (15.3 mg, 0.76 mmol) and water (5 mL). The resulting
mixture was stirred at room temperature for 2 hours. Then 1 N
HCl was slowly added to pH 2. The mixture was evaporated
under vacuum. The residue was purified with reverse phase
chromatography, eluting from 5% MeOH/H,O to 90%
MeOH/H,0, afforded 48 mg of the title compound in 58%
yield. 'HNMR 400 MHz (CD,OD) &: 7.70 (d, J=7.8 Hz, 1H),
7.59 (d,1=8.6 Hz, 1H), 7.09 (s, 1H), 7.05 (dd, I=1.9, 8.21 Hz,
1H), 6.66 (d, J=1.9 Hz, 1H), 6.63 (dd, ]=1.9, 8.6 Hz, 1H), 5.06
(s, 2H), 4.78 (s, 2H); MS (ES) m/z: 326 (M+H)'; HPLC
purity: 96.33% (220 nm), 96.44% (254 nm).

19an [2-Cyano-5-(1-hydroxy-1,3-dihydro-benzo|c]|
[1,2]oxaborol-5-yloxy)-phenoxy]-acetic acid tert-
butyl ester (D40)

OH
NC B/
JOYSE
O
X
Y\ o o
(@]

To a solution of 2-hydroxy-4-(1-hydroxy-1,3-dihydro-
benzo[c][1,2]oxaborol-5-yloxy)-benzonitrile (D10) (200
mg, 0.75 mmol) in THF (50 ml) was added NaH (43 mg,
95%, 1.81 mmol) portion-wise. The mixture was stirred at
room temperature for 5 minutes, followed by the slow addi-
tion of t-butyl bromoacetate (0.25 mL, 1.65 mmol). The reac-
tion was heated at 70° C. for 24 hours.

After the cooling of the reaction solution to room tempera-
ture, the mixture was filtered. The filtrate was evaporated
under vacuum. The residue was purified using reverse phase
chromatography, eluting from 5% MeOH/H,O to 90%
MeOH/H,0, afforded 36 mg of the title compound in 12.6%
yield. "H NMR 400 MHz (DMSO-dy) 8: 9.26 (s, 1H), 7.78 (d,
J=8.2Hz, 1H),7.75 (d,J=8.6 Hz, 1H), 7.14 (s, 1H), 7.09 (dd,
J=2.3,8.2 Hz, 1H), 6.74 (d, J=2.3 Hz, 1H), 6.68 (dd, ]=2.0,
8.6 Hz, 1H), 4.96 (s, 2H), 4.86 (s, 2H), 1.37 (s, 9H); MS (ES)
m/z: 380 (M-H)~; HPLC purity: 99.11% (220 nm), 98.48%
(254 nm).

General Procedure for Amide Coupling:

HATU (353 mg, 0.93 mmol) and diisopropylethylamine
(0.32 mL, 1.86 mmol) were added to a solution of [2-cyano-
5-(1-hydroxy-1,3-dihydro-benzo|[c][1,2]oxaborol-5-yloxy)-
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phenoxy]-acetic acid (D39), 150 mg, 0.46 mmol) in DMF (4
ml) at rt and stirred for 1 minute. The corresponding amine
(0.93 mmol) was added and the reaction mixture was stirred
overnight at rt. The reaction mixture was diluted with distilled
water (300 mL) and extracted with ethyl acetate (4x400 mL).
The organic extracts were combined, dried over Na,SO, and
concentrated to give a crude oil. All crudes were purified by
reverse phase HPLC using a biphasic solvent system 0f 0.1%
AcOH (aqueous) and acetonitrile which eluted as a gradient.
Pure fractions obtained from column were combined and
lyophilized to give final product in good purity.

19a0 4-(1-Hydroxy-1,3-dihydro-benzo[c][1,2]ox-
aborol-5-yloxy)-2-(2-morpholin-4-yl-2-oxo-ethoxy)-
benzonitrile (D41)

o~ {
vpﬁg@@

Following the general procedure, morpholine (80 uL, 0.93
mmol) was coupled with [2-cyano-5-(1-hydroxy-1,3-dihy-
dro-benzo|c][1,2]oxaborol-5-yloxy)-phenoxy]-acetic  acid
((D39), 150 mg, 0.46 mmol) to give a crude oil containing
(D41). Purification by reverse phase HPLC followed by lyo-
philization gave a white solid